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THE METABOLISM OF ^XYLOSE 


Bt hardy W. LARSON, N. R. BLATHER^VICK, PHOEBE J. 

BRADSHAW, MARY E. EWING, akd SUSAN D, SABTER 

{From the Biocherr^ieal Laboralori; of the Metropolitan Life Insurance 
Companyt L"cir York) 

(Received for publication, May 20, 1940) 

Miller and Lewi? (1) studied the metabolism of c?-xyiose in 
the rat and found it to be non-glycogcnic and poorly absorbed. 
Increased pentose content of the liver, kidney, and blood resulted 
after its administration. Blathenvick cl al, (2) reported no in- 
crease in glycogen content of liver and muscle after cf-xyiose was 
fed to rats, and no change in the lactic acid content of liver, muscle, 
and blood w’as obsen’ed. There was a rise in the non-fermentablc 
reducing substances of the liver, muscle, kidney, and blood and a 
significant incrca^^c in blood glucose. Miller and Lewis also 
noted an increase in the fermentable reducing substances of the 
blood but questioned its significance. Blanco (3) observ^ed a 
similar increase in blood glucose after the administration of d- 
xydose to rabbits. Marble and Strieck (4) found a slight rise in 
the respiratory' quotient of normal and diabetic men and normal 
and phlorhizinized dogs after the ingestion of d^xylose and con- 
cluded that oxidation of the sugar had taken place. Magendantz 
(5) fed d-xylose to dogs which had fasted for 2 or 3 weeks and 
found that it caused considerable diuresis and a marked diminu- 
tion of nitrogen excretion, indicating that the carbohydrate ex- 
erted a protein-sparing action. However, he obtained no e\idence 
that it induced gtycogen formation even when fed in large amounts. 
According to Nothdurft (6) d-xydose was partially' utilized by' man 
and guinea pig. 

Although considerable work has been done on the utilization of 
this pentose, its optical isomer, Lxydose, has received but scant 
attention and apparently' no study' of its metabolism has been 
undertaken. This sugar is of particular interest because of its 
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Metabolism of Z-Xylose 


close relationship to the ketopentose, Z-xylulose, which occurs in 
pentosuria, and also because of its use in the synthesis of ascorbic 
acid. The present paper deals with the question of the utilization 
of this sugar by the animal organism. 

Preparation of l-Xylose — f-Xylose was synthesized from d- 
sorbitol by the method of von Vargha (7). 310 gm. of 80 per cent 

sorbitol syrup^ were shaken with 100 cc. of water, 135 gm. of 
benzaldehyde, and 25 cc. of concentrated HCl for 6 hours, after 
which time most of the monobenzal sorbitol had crystallized. 
The crystals were filtered by suction before any of the amorphous 
dibenzal sorbitol had precipitated. They were washed with ice 
water, then removed from the filter and placed in a mortar and 
thoroughly mixed with ice water, and again filtered. The crystals 
were then ground with sufficient alcohol to make a thin paste, and 
filtered. The monobenzal sorbitol was washed with a small 
amount of ether and dried at 50°. This treatment was found 
to produce a sufficiently pure compound (m.p. 171°) without 
further recrystallization. 

For the preparation of monobenzal Z-xylofuranose, 85 gm. of 
monobenzal sorbitol were shaken with 140 gm. of Pb(C 2 H 302)4 
in 750 cc. of glacial acetic acid for 1 hour, after which the acid was 
distilled off in vacuo at 40°.- The residual syrup was dissolved 
in 300 cc. of cold water, and extracted with 930 cc. of c.p. ethyl 
acetate. If the ethyl acetate was not of the highest purity, ex- 
traction was not complete and an impure product resulted. The 
ester solution was washed twice with 300 cc. portions of water to 

* The sorbitol syrup used in the synthesis of f-.xylose was generously 
furnished by the Atlas Powder Company. 

" For the preparation of lead tetraaeetate (8) 500 cc. of glacial acetic 
acid were heated to 50-00°. 200 gm. of PbjOj were added in small portions 

and the mixture stirred mechanically after each addition until the red 
color disappeared. Toward the end of the reaction a small amount of 
undissolved lead tetraoxide remained. The lead tetraacetate was allowed 
to crystallize overnight in the refrigerator in a tightly stoppered bottle, 
tlicn filtered on a Buchner funnel, and w.ashcd with a small amount of 
cold glacial acetic acid. Yield 150 gm. If suction was continued too long, 
the "tetraacetate decomposed. Rccrystallization was found unnecessary 
for the above synthesis. The moist crystals were quickly transferred to a 
shaking bottle, weighed, and the appropriate amounts of glacial acetic 
acid and monobenzal sorbitol added before decomposition of the lead 
tetraacetate could take place. 
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remove any trnre of lend. A amotint of water was then 

added and the extract evaporated to a tliick syrup in vacuo, 60 
pn. of the synip were refluxed on \ho water bath for 1 hour with 
600 cc. of 10 per cent acetic arid. The .acid and liberated hcnznl- 
dehyde wen? distilled in vacuo at 40'’. The f-xylose syrup wtis 
dissolved in w’ater, treated wath norit» and concentrated in vacuo 
several times. The thick syru]) was then dissolved in hot ethyl 
alcohol, and, after it luad cooled, ether was added to a slight tur- 
bidity. Crystallization took ])lace readily. Yield about 25 gm. 
let]? - -is.6^ 0.2^ 


r.XPKIUMKNTAn 

A group of normal adult wliite rats (aged 05 to 119 days) from 
our stock colony and previously fed our stock diet wa.s used for 
the experiment. They wore fasted 24 hours prior to the feeding 
of the I-xyloso. 2 cc, of a 25 per cent solution of the sugar were 
then given by stomach tube and after a 3 hour absorption period 
the rats were anesthetized with sodium amytal; the hind legs 
\vere then skinned, and after being frozen in sUu with CO: snow 
the legs and liver were removed and placed in liquid air. The 
technique employed for the preparation of the tissues for analysis 
and the methods used for the determination of glycogen, lactic 
acid, fermentable and non-fermentablc sugar have been described 
in an earlier paper (0). 

A summary of the results obtained with the experimental animals 
together w*ith those for the 27 hour control rats is given in Table L 
Thc control values were obtained over a period of 4 years in other 
experiments dealing with carbohydrate utilization, and w'cre 
sufficiently uniform to justify combining them. As the average 
liver glycogen content of fasting males remains at a considerably 
higher level than that of females, the hepatic glycogen values 
have been grouped according to the sex of the animal. There 
was no apparent sex difference in muscle glycogen values. 

The results of the tissue anal3'ses are expressed as maximal, 
minimal, mean, and standard deviation of the mean values. 

From an inspection of these results it is apparent that Z-xylose 
IS not utilized hy the rat. No marked increases were noted in the 
gb^cogen, lactic acid, and fermentable reducing substances after 
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increases occurred only in the non-fcrmcntnblc reducing sub* 
stances of the liver, kidney, and blood. 

/-Xylose is very poorly nb.sorbed from the g.-istrointestinal tract 
and practic.allj* all rat.s developed severe di.arrhea after it was 
given. In order to ovorcome this diarrhea, 1 cc. of a 25 per cent 
/-x\*Iosc .solution was given in place of the cu-stomarj’ 2 cc. for the 
absorption stxuiics. The cocfiicicnt of absorption is extremely 
low, 0.007, the average for eleven rats. 

DISCUSSION 

There is nothing in the data to indicate that /-xylose is glyco- 
genic. A slight increase w.as obsen’cd in the liver glycogen of 
fcmala«, while there w.as .almost a 50 per cent decrease in the livers 
of males. IVliy such a decrease occurred is problematical. There 
were decreases in the muscle gl 3 'cogen of both males and females, 
also in the lactic acid content of the liver and blood, and in the 
fermentable reducing .substances of the liver. That some of the 
xylose was absorbed may be adduced from the significant increases 
in the non-fcrmcntablc reducing sub.stanccs of the liver, kidney, 
and blood. The rate at which it was absorbed from the gastro- 
intestinal tract was onli" 7 mg. per 100 gm. of rat per hour, the 
lowest coefficient of absorption recorded for anj' carboh 3 ’-drate. 

The metabolism of /-.xylose follows quite closely that of d-x 3 dose 
•with one notable exception; an unquestionable rise in the fer- 
mentable sugar of the blood occurs after the administration of the 
latter. The coefficient of absorption for d-xy\ose is 74, which 
would mean that considerabl 3 ’’ more of this pentose is absorbed 
than of the / form, as shovm b 3 ' the much greater rise in the non- 
fermentable reducing substances of the liver, muscle, kidne 3 ’', 
and blood with the former. The significant increases in the non- 
fermentable reducing substances after the feeding of /-xylose are 
relatively slight when compared with the 5-fold increase for 
blood, 6-fold for liver, and 14-foId for kidney after d-xylose ad- 
ministration. Such differences may be explained by assuming 
that the gastrointestinal mucosa is not permeable to the d and 
I forms of the pentose to the same degree. Si mi lar results have 
been noted for d- and ^xyIulose, the former having a coefficient 
of absorption of 131 and the latter of 44. 



6 


Metabolism of Z-Xylose 


These findings are difficult to reconcile Mth Verzdr’s theory 
(11) of selective absorption according to which glucose and 
galactose are selectivelj'' absorbed because they are phosphorj'- 
lated in the intestine, while the pentoses, which are not susceptible 
of phosphorylation, are absorbed by simple diffusion. The ab- 
sorption of the latter is, therefore, dependent on concentration. 
Verzdr and his associates found that xylose, arabinose, and rham- 
nose were absorbed from the intestine at practically an identical 
rate which was not influenced by adrenalectomy or poisoning with 
monoiodoacetic acid or phlorhizin, Avhich inhibit phosphorylation 
of the hexoses. According to Deuel and his collaborators (12), 
the rate of glucose absorption was not decreased after adrenalec- 
tomy'’ provided the normal physiological salt balance was main- 
tained and they concluded that the adrenal cortex did not directly 
alter the ability of the rat to absorb glucose. Klinghoffer (13) 
found decreased absorption of xy'lose as well as glucose after 
monoiodoacetic acid poisoning and attributed it to the severe 
intestinal pathology caused by the poisoning rather than to anj' 
specific action of the drug on intestinal phosphorylation. Lam- 
brechts (14) concluded that the effect of phlorhizin was due to 
its toxic action on cellular structure instead of any' specific inhibi- 
tion of phosphorylation. 

If we accept Verzar’s view of diffusion of the pentoses, we 
should obtain identical coefficients of absorption^ for d- and l- 
xy'lose and d- and Z-xylulose instead of those found; namely', 
0.074, 0.007, 0.131, and 0.044. It would be difficult to ascribe 
these differences to phosphory'lation. It would seem that in 
any' absorption study not only phosphorylation and diffusion 
must be considered but also the configuration of the substance 
in question. The results which we have obtained with optical 
isomers of aldo- and ketopentoses indicate that diffusion is de- 
pendent upon the structure of the sugar. 

SUMMARY 

The feeding of 1-xylose to rats increased significantly the non- 
formcntable reducing substances of the liver, kidney, and blood, 

’ These absorption studies were all carried out at the same concentra- 
tion, 2 cc. of a 25 per cent solution, with the e.xception of /-.xylose, in which 
instance the dose was reduced to 1 cc. to prevent the diarrhea caused by 
the larger amount. 
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but failed to increase the plycof;:cn cnnlcul of the tissues. Sig- 
nificant decreases occurred in liver and blood lactic acid, muscle 
glycogen, and in the fermentable reducing substances of the liver 
after its administration. 

?-Xylosc is vcr>’ poorly absorbed from tlic gavStrointcstinal 
tract. Its cocfiicicnt of absorption, 0.007, is the lowest recorded 
for any carbohydrate. 
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STUDIES ON PLASMA PHOSPHATASE ACTIVITY IN 
RELATION TO FAT METABOLISM IN RATS 

By LEOPOLD WEIL and ^LVRY A. RUSSELL 

{From The Biochemical Research Foundalion of Ihc Franklin InslitulCf 

Philadelphia) 

(Received for publication, June 1, 1940) 

Extensive literature exists on the significance of plasma phos- 
phatase in various biological problems. These reported investiga- 
tions have proved to be verj* valuable clinicallj' in the diagnosis of 
certain diseases which are connected ^dth an increase of the plasma 
phosphatase activity. Although the usefulness of the tests cannot 
be denied, no satisfactory' cx^planation has been given for the phe- 
nomena on which the tests are based. It seems important there- 
fore to investigate the function of this enzynne not only in patho- 
logical but also in noimial cases. 

The work of Bodansky (1) on serum phosphatase of dogs has 
indicated the functional importance of plasma phosphatase. 
He found that prolonged fasting greatly reduced the serum phos- 
phatase activity of ymung dogs, and an increase of this enzynne 
was obtained only' after ingestion of carbohy'drates. Ingestion 
of fat (cream) or meat did not have any' effect. The suggestion 
was made that the increase of serum phosphatase after ingestion 
of carbohy'drates was due to increased functional actmty', with 
transitory' hexose phosphate formation and production of phos- 
phatase by' the intestinal mucosa and probably' by' other orgaas, 
a conception which appears to be supported by' the works of 
Lundsgaard (2) and Verzdr and coworkers (3, 4) on carbohy'drate 
resorption. However, our findings on albino rats present an 
entirely' different picture, whereby' "we came to the conclusion that 
certain unsaturated fatty acids are the factors influencing plasma 
phosphatase actmty'. 
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10 Phosphatase and Fat Metabolism 

EXPERIMENTAL 

Albino rats were used. Besides other advantages (5), the plas- 
ma phosphatase activity is unusually high in rats (6), which makes 
them especially suitable for this type of work. Because of the 
limited blood supply of these animals, however, it was necessary to 
use an ultra mieromethod which enabled the carrying out of 
enzymatic determinations with 1 drop of blood. The Linder- 
str0m-Lang and Holter technique (7) was used in combination 
with the capillary technique developed by Richards and co- 
workers (8, 9). The average deviation observed by Walker (9) 
was d=2.5 per cent. When our combined technique was applied 
to known amounts of phosphate, the average deviation was found 
to be ±3.0 per cent, which may be considered satisfactory for the 
purpose. 

The general procedure was as follows: The tail of the rat was 
dipped into water at about 50°. A small section of the tail was 
cut olf and a few drops of blood were squeezed out and drawn up 
in a thick walled capillary tube 20 mm. long with an inside di- 
ameter of 1.5 mm. One end of the capillary tube was drawn out 
to a narrow tip and at the point a calibration mark of 15 c.mm. 
was made. Before these tubes were used, they were charged with 
the necessary amount of potassium oxalate to prevent coagulation 
of the 15 c.mm. of blood. The walls of the capillary tube were 
coated with the dry oxalate by drawing up the measured amount 
of K oxalate solution and Carefully drying the tube. 

After the blood samples were taken, the ends of the tubes were 
closed with a rubber band and placed in a small Lundgren cen- 
trifuge (3000 R.p.M.) to sediment the blood cells. 3 c.mm. of the 
supernatant plasma then were pipetted off with a capillary pipette 
(7) and measured into a micro test-tube (25 mm. long and 3 mm. 
inside diameter) which was previously charged with 21 c.mm. of 
distilled water. This dilution (1:7) was necessary because of 
the high enzyme concentration. 7 c.mm. of the diluted plasma 
were taken for one determination, corresponding to 0.87 c.mm. of 
undiluted plasma, and pipetted into a micro test-tube. To that 
either 7 c.mm. of veronal-HCl buffer at pH 9.0 (10) or 7 c.mm. of 
the same buffer containing 0.015 m MgCb were added; this con- 
centration of Mg ions was found to be sufficient to produce the 
maximum activation. After the addition of 7 c.mm. of 0.1 mole 
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of sodium /3-glycerophosplmtc the final Mg ion concentration was 
0.005 M. 

The mixing was carried out by the use of magnetic stirring (7). 
In the blank determination the substrate was placed as a drop on 
the wall of tlic micro test-tube and was incubated for the same 
length of time as the main detciminations and mixed immediately 
before the reaction was stopped. Only one blank determination 
was made for the initial and full activity (with Mg), since it was 
found that the blanks wore the same whether Mg was present or 
not. The open micro test-tubes prepared this way were placed 
in a copper micro test-tube lioldcr and were incubated for 4 hours 
at 37° in chloroform and water vapor as described in our previous 
paper (5). After this incubation time the micro test-tubes were 
placed in ice water to stop the reaction. Then 10 c.mm. of 10 
per cent trichloroacetic acid were added and the precipitate cen- 
trifuged. 15 c.mm. of tlie supernatant fluid (corresponding to 
0.42 c.mm. of plasma) were pipetted ofT and transferred to a clean 
micro test-tube. The inorganic phosphate liberated during the 
incubation period was estimated colorimetrically according to 
the method of King (11). Into 15 c.mm. of protein-free fluid, 
7 c.mm, of 5 per cent ammonium molybdate containing 15 per 
cent by volume of were pipetted. The aminonaphthol- 

sulfonic acid solution prepared as described hy ICing (11) was 
diluted 1:3 and 5 c.mm. of this were placed as a drop on the wall 
of the micro test-tube. The standard tests were prepared the 
same way. 

Standard phosphate solutions mth increasing phosphorus con- 
centrations were made in such a wa}^ that the phosphorus con- 
centration of 15 c.mm. of standard differed by 0.04 y of P; stand- 
ards \rith low phosphorus content differed from each other b}' only 
0.02 y of P. In order to have the same acidity as in the main 
determination the standard solutions contained 3.3 per cent of 
trichloroacetic acid. 

Micro test-tubes containing 15 c.mm. of standard solutions 
covering a concentration from 0.02 to 1.00 7 of P were treated the 
same way as the main determinations. After the preparations 
were completed, both in the main and standard series, the 5 c.mm. 
of aminonaphtholsulfonic acid which was placed as a drop on the 
wall of the micro test-tube to prevent premature mixing were 
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shaken with the reaction mixture by a gentle swinging movement 
and the mixing was completed by magnetic stirring. In this way 
the color development started at the same time in all micro test- 
tubes; this factor is essential, as was emphasized by Walker (9). 
To compare the colors of the standards with the colors of the un- 
known solutions, the colored solutions were drawn up in standard 
capillary tubes with an inside diameter of 0.65 mm., an outside 
diameter of 0.8 mm., and a length of about 30 mm. The capillary 
tubes used were mechanically drawn and calibrated for constancy 
of diameter. The method used for this purpose was as follows: 
A known amount of mercury was drawn into the capillary tube 
about 60 mm. long. By moving the mercury column at the 
various portions of the capillary tube its length was measured. 
Any variation in the length of the mercury column should indicate 
a variation in the diameter of the capillary tube. From the 
length and weight of the mercury column the diameter could 
readily be calculated. 

The maximum variation allowed was 2 per cent. To make the 
measurement of changes in the length of the mercury column 
more exact, the magnified image of the column was projected on 
graph paper and in this way the smallest changes in the length of 
the column due to irregularities in the diameter could be measured 
easily. 

After the colored solutions containing the unknown and the 
standard phosphate were di’a\vn up in the capillaries, the ends of 
the tubes were sealed with Duco cement. The standard tubes 
were then placed on the translucent plate of a safelight such as is 
generally used in photography. For illumination a 15 watt lamp 
was used. A labeled ebonite plate with suitable holes was used 
to keep the standard tubes in order. The comparison of the 
colors of the unknown with the standard was carried out as de- 
scribed by Walker (9). The shades of colors always could be 
distinguished easily. Only a fraction of the reaction mixture 
(15 c.mm, of the phosphate-containing mixture -f 7 c.mm. of 
molybdate 5 c.mm. of reducing agent) was used for the actual 
color composition, although the values given in Tables I to V 
present the values for 27 c.mm. We also found it very helpful 
for the comparison of colors, as did Richards and coworkers (8), 
to cover the capillary tubes with a piece of white paper in which 
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a rectangular mndow had been cut, so that the \dsible columns 
were of the same length. 

Kats weighing about 200 gm. each were used. During fasting 
periods water was available at all times. Each substance tested 
was administered by stomach tube, unless otherwise specified, 
after 24 hours of fasting. 2 cc. of the compound in liquid form 

Table I 

Injlucnce of Fasting on Plasma Phosphatase Activiti/t Expressed in y of 


Phosphorus 



Activator 

Activator 


Mg' 


Mg' 

1 1 

[ Ratn 


Ari. 

i 




Fasting 

0 

0.24 i 

0.54 

0.34 

0.84 


4 

0.24 ! 

0.52 

0.32 

0.80 


S 

0.20 i 

0.40 

0,26 1 

0.62 


16 

0.12 

0.2S 

0.14 j 

0.36 


! 24 

0.12 ; 

0.26 

0.16 

0.32 

Feeding (Purina Dog 

1.5 

0.12 

0.24 

0.18 

0.32 

Chow) 

4 

0.16 

0.30 

0.24 

0.46 


8 

0.20 

0.42 

0.28 

0.66 


I 1C 

0.24 j 

0.48 

0.32 

0.72 


24 

0.26 ] 

0.56 

0.36 

0,80 


i 

Rat in i 

Rat IV 

Prolonged fasting 

0 

0.24 

0.66 

0.28 



16 1 

O.OS 1 

0.20 

0.14 

msU 


24 

0.08 

0.18 

0.10 



40 

O.OS 

0.16 

0.10 

0.24 


48 i 

O.OS 

0.14 

0.10 

0.22 


64 i 

0.10 

0.18 

0.10 

0.24 


72 i 

0.08 

0.18 

0.12 



84 

0.10 

0.24 

0.14 



120 

0.10 

0.24 

0.12 

HI 


W'ere ^ven and 1.5 gm. in solid form made up to 3 cc. in solution or 
suspension, depending on the solubility of the material in water. 
Plasma phosphatase activity was measured at interv^als during 
fasting and also after feeding was resumed. 

Influence of Fasting on Plasma Phosphatase Actimiy — As fasting 
continued, the plasma enzyme activity fell markedly, reaching the 













14 


Phosphatase and Fat Metabolism 


lowest level in about 16 hours (see Table I). After feeding was 
started, the enzyme activity was gradually restored, reaching the 
original starting value in about the same length of time that had 
been necessary to reach the lowest point. The changes occurring 
in the plasma phosphatase activity with Mg" ions as activator 
parallel those occurring without Mg" ions. Since this parallelism 
was found in all subsequent experiments, it was deemed un- 
necessary to list the initial activity (without Mg") in Tables 
II to V. 

The low phosphatase values obtained after 1 to 5 days of fasting 
did not change significantly when the fasting was extended, as is 
also indicated in Table I. Whether this residual enzyme activity 
was of different origin from the one influenced by fasting has not 
yet been determined. The loss in the body weights during 5 days 
of fasting was about 24 per cent. 

Influence of Ingestion of Various Substances on Plasma Phos- 
phatase Activity — The plasma phosphatase activity of the rats is 
closely linked with the resorption or utilization of the food (Table 
I). In order to determine which part of the diet is responsible for 
the marked change in the plasma enz 3 '’me activity the Purina 
Dog Chow was pulverized and completely extracted with alcohol- 
ether (1:1) and the solvent was eliminated from both fractions 
in vacuo. The soluble fraction contained chiefly the fats, cho- 
lesterol, and phospholipids, while the insoluble fraction contained 
mainly the carbohydrates and proteins. Only the alcohol-ether- 
soluble fraction had the ability to restore the low plasma phos- 
phatase activity produced b 3 ’' 24 hours fasting, while the insoluble 
fraction was completely inactive in this respect, leaving the plasma 
phosphatase activity at the fasting level (see Table II). Whether 
this low enzyme value produced by fasting could also be achieved 
without fasting, simply by eliminating from the diet the alcohol- 
ether-soluble fraction which has the ability to restore it, was 
easily answered b 3 '’ changing the feeding of the rats from the 
original to the extracted food. 

The high plasma phosphatase values during the feeding of 
unextracted food were rapidl 3 '’ lowered by the feeding of extracted 
food (see Table II). The lowest value, which was reached in 
about 16 hours, resembles very much the effect reached b 3 '' fasting. 
The low plasma phosphatase values of rats can be obtained there- 
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fore not only by fasting but b}" the simple elimination from the 
food of the fraction which is responsible for the increase in the 
phosphatase activit3% 

The results of these experiments indicate that the fraction re- 
sponsible for the increased plasma phosphatase activity is of 
lipid nature* In order to ascertain the activity of other consti- 
tuents of the food, carboh3’dratcs and proteins, the following 
substances were tested: starch, glycogen, a-glucose, maltose, 


Tablk II 


Influence of Ingestion of Alcohol^EthcrSolublc and Insoluble Fractions of 
Rat Food on Plasma Phosphatase Activiti/, Expressed in y of Phosphorus 



Purina Dog Chow j 

A I cob ol-ct h cr-'in - 
eolublo fraction of 
Purina Dog Chow 

Extract from 
Purina Dog Chow 

' Rail 1 

Rairr 

Rat in 

! Ratn^ 

RatV 

Rat VI 


hrs. 

■i 






Fasting 

0 


0.92 

0.96 

0.70 

0.84 

0.84 


24 


0.32 

0.4S 

0.34 

0.48 

0.34 

Feeding 

i 1.5 


! o.w 

0.44 

0.24 

0.60 i 



4 

1 0.52 

1 0.6S 

0.44 

0.30 

0.6S 



8 

0.60 

0.84 

0.48 

0.32 

0,70 

0.80 


24 

0.76 

0.9S 

0.44 

0.2S 

0.96 

0,90 





Rat VII 

Rat VIII 



Feeding (no 

. 8 

0.70 

0.90 





fasting 

24 

0.70 

0.84 





period) 

1.5 i 



0.6S 

0.72 




4 



0.48 

0.60 




8 



0.40 

0-52 




24 



0.30 j 

0.40 




32 



0.28 

0.36 1 

j 



galactose, x^dose, casein, egg albumin, edestin, and gluten. None 
of these had the ability to restore the plasma enz3Tne acti\dt3^ after 
ingestion. 

Bodansk}" (1) reported an increased serum phosphatase acti\*ity 
after ingestion of carbolij'drates bj" 3'oung dogs. In rats 5 weeks 
old, fed with sucrose, we failed to obser\’'e an3^ positive reaction. 

Since the ingestion of carboh3"drates and proteins was shown to 
be entirely ineffective in restoring the plasma phosphatase ac- 
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tivity, experiments were conducted to determine which part of 
the lipid fraction is responsible for this phenomenon. 

Glycerol, an essential part of fats and phospholipids, was found 
to be without any action. The same was true of /3-glycerophos- 
phate (neutralized) and also of cholesterol, indicating that the 
fatty acid part of the lipid molecule may be the decisive factor. 
The following saturated fatty acids and some of their derivatives 
were tested: propionic, butyric, tributyrin, /3-hydroxybutyric, 
valerianic, caproic, caprylic, pelargonic, capric, lauric, myristic, 
palmitic, methyl palmitate, ethyl palmitate, stearic, w-propyl 
stearate, and cerotic acids. Palmitic, stearic, and cerotic acids 
were also tested in combination with 0.3 gm. of sodium tauro- 
cholate as emulsifying agent. The acids from propionic to 
lauric were administered in neutralized form because of their 
acidity. None of the investigated saturated fatty acids had any 
influence on the plasma phosphatase activity. 

The investigation of Verkade et al. (12-14) and Flaschentrager 
et al. (15, 16) on the a oxidation of fatty acids called attention to 
the importance of the dicarboxylic acids. The ingestion of 
malonic, succinic, glutaric, adipic, suberic, and sebacic acids 
(in neutralized form), however, proved to be ineffective in re- 
storing the plasma enz 3 '^me activity. 

The importance of the unsaturated fatty acids in the general 
metabolism of the rat was emphasized by various workers (17-22). 
Among the unsaturated fatty acids tested, but not listed in Tabic 
III, crotonic, fumaric, itaconic, undecylenic (in neutralized form), 
and chaulmoogric acids were found to be inactive. Undecylenic 
acid (neutralized) alone was found to be toxic to the rats and there- 
fore a fat-free diet (see Table IV) containing 7 per cent of the 
neutralized acid was fed to the rats and found to be non-toxic. 

The results obtained with various other unsaturated fatt 3 '’ acids 
and their derivatives are presented in Table III. Elaidic acid, 
ricinoleic acid, and oleicamide were found to be only slightly 
active in restoring the plasma phosphatase activit 3 ^ Elaidic 
acid which was prepared from oleic acid was reciystallized and the 
melting point of this compound indicated that the slight activity 
observed after ingestion was not due to traces of oleic acid. Oleic- 
amide was prepared according to the method of Bruson (23). 
Hexabromolinolenic acid and oleyl alcohol were found to have 
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no effect. The latter was prepared by reduction of butyl oleate 
(24). Only oleic, erucic, linolcic, and linolenic acids' proved to 
be strongly active in restoring the plasma phosphatase actmty, 
a rather limited number but the number will probably increase 

Tablb III 


Influence of Ingcslton of Unsaluraicd Fatty /Icicf^ and Their Deritaiivee on 
Plasma Phosphatase Activity, Expressed in y of Phosphorus 



Fflsting period 


Feedinff period 




hra. 

2hrs. 



Sihra. 

Oleic acid 

0.90 

0.46 

0.50 

0.54 

0.60 

0.84 

“ ** sodium taurocholatc. 

0.96 

0.40 

0.48 

0.50 

0.60 

0.88 

Oleicamide -f sodium taurocho- 
late 

o.et 

0.30 

0.32 

0.42 

0.42 

0.42 

Oleyl alcohol 

0.78 

0.22 

0.16 

0.14 


0.06 

Elaidic acid 

0.54 



0.24 

0.24 

0.34 

** + sodium taurocho- 

late 

0.76 

0.28 

0.26 

0.28 

0.30 

0.40 

Ricinoleic acid 

1.20 

0.34 

0.36 

0.42 

0.42 

0.48 

Linoleic acid 

0.96 

0.44 

0,36 

0.34 

0.36 

0.80 

Linolenic “ 

0.78 

0.30 

0.32 

0.36 

0.42 

0.70 

" sodium taurocholate . . 

0,80 

0.28 

0.28 

0.30 

0.48 

0.70 

Hexabromolinolenic acid -f so- 
dium taurocholate 

1.06 

0.40 

0.40 

0.30 

0.28 

0.36 

Erucic acid 

0.72 

0.28 

0.34 

0.36 

0.46 

0.98 

Olive oil 

0-80 

0,36 

0.38 

0.42 

0.56 

0.90 

Lard 

0.70 

0.18 

0.16 

0.36 

0.40 

0.68 

Linseed oil 

0,80 

0.42 

0.40 

0.34 

0.30 

0.74 

Cod liver oil 

0.72 

0.28 

0.38 

0.54 

0.56 

0.68 

Chaulmoogra oil 

0.70 

0.24 

0.24 

0.32 

0.34 


Lecithin 

0.80 

0.34 

0.30 

0.24 

0.24 

0.16 

tt 

0.86 

0.36 

0.32 

0.26 

0.24 

0.18 

Cephalin 

1.20 

0.54 

0.30 

0.30 

0.54 


c( 

0.9S 



0.32 

0.50 



when we are able to test more of these acids. Lecithin and ceph- 
alia were prepared from calf brain according to a slight modifica- 
tion of the method of Levene and Rolf (25) b\^ which the jdeld 
was increased considerably.^ Eleraentarj^ analj'sis and melting 

^ Oleic, iinoleic, and linolenic acids were identified by means of iodine 
number determination. 

* The details of this method will be published later. 
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point determinations were made for the characterizations of these 
phospholipids. Repeated experiments have shown that lecithin 
was ineffective but cephalin was very active (see Table III). 

With the exception of chaulmoogra oil, all of the oils tested were 
active in restoring the plasma phosphatase activity, as may be 
seen from Table III. The only slight activity of chaulmoogra 
oil is not surprising in view of the negative results obtained with 
chaulmoogric acid. No activation of the plasma phosphatase 


Table IV 


Influence of Ingestion of Saturated and Unsahirated Triglycerides Added to 
Fat-Free Diet on Plasma Phosphatase Activity, Expressed 
in y of Phosphorus 


Diet 

Feeding 

period 

Supplementary diet* No. 

pm 

II 

III 

IV 


days 


■■ 

i 


Purina Dog Chow 

2 



1.10 

0.66 


4 



1.00 1 

0.60 

, 

6 


HI 

1.10 

0.70 

Fat-free diet + 7 per cent satu- 

2 

0.48 

0.20 

0.24 

0.30 

rated triglycerides 

4 

0.48 

0.20 

0.44 

0.22 


6 

0.52 

0.18 

0.36 

0.20 

Fat-free diet + 7 per cent 

3 

0.84 

0.54 

0.78 

0.60 

olive oil 

4 

0.84 

0.74 

0.82 

0.68 


6 

1.10 

0.72 

0.86 

1 


*The 7 per cent aaturated triglyceride of Diet I was trimyristin; of 
Diet II tripalmitin; of Diet III tristearin; of Diet IV tristearin + 7 per 
cent cholesterol. 


activity was observed when unsaturated oil emulsions were added 
directly to the plasma. 

Since in our experiments pure fats or fatty acids had been fed 
and ketonuria had resulted, it was desirable to determine whether 
a carbohydrate-abundant diet, which eliminates ketonuria, would 
influence the plasma phosphatase activity. A fat-free diet was 
made up of 240 parts of casein, 721 parts of sucrose, 39 parts of 
McCollum-Davis salt mixture (26), and 6.5 parts of yeast extract. 
The casein and yeast preparation was extracted for 24 hours with 
alcohol-ether 1 : 1 before use. To the fat-free diet 7 per cent of 
trimyristin, 7 per cent of tripalmitin, or 7 per cent of tristearin 
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was added. The rats were fed 6 days on Purina Dog Chow, 
afterward 6 da 3 ’s on Uie fat-free diet plus 7 per cent of saturated 
triglycerides, and finally on the fat-free diet plus 7 per cent of 
olive oil as unsaturated triglycerides. The possible influence of 


Table V 


Relalion of Amount of Fat Present in Diet Ingested to Plasma Phosphatase 
Expressed in y of Phosphorus 



No. 

of 

feodinj: i 
dajTi 

}UiI 

Rat TI 

Hatm 

Rat IV 

Purina Dog Chow 

2 

0 70 

0 66 

0.78 

O.SO 


3 

0 76 

j 0 78 

0 60 



4 

0 6S 

0 70 

0.70 


Diet without lard 

1 

0-34 

0 26 

0 24 



3 

^ 0 24 

0 14 

i 0.16 



4 

0-22 

1 0.10 

0.14 


“ +0.5% “ 

2 

0 26 

[ 0.12 

1 0.20 



3 

0 22 

0 12 

0 16 

0.22 


4 

0 28 

0 14 

; 0 24 

0 22 


2 

0 34 

0 18 * 

0.24 

0.36 


3 

0.36 

0.32 

: 0 32 

0.28 


1 4 

0.38 

0.34 

! 0.32 


.1 ^ 2% 

; 1 

0.46 

j 0 36 

i 0.34 

IQ 


3 

0.40 

0.46 

0 42 

1E9 


4 

0.48 

1 0.50 

0.44 

lia 

“ +3% 

1 

0 54 

1 0.48 

0.52 

0.50 


2 

0.56 

0.50 

0.48 



4 

0 48 

0.48 

0.48 

IQ 

** +5% “ : 

2 

0,52 

0.56 

0.60 



3 

0.56 1 

mSm 

0.62 

: 0.64 


4 

0 60 i 

BB 

0.70 

■ilskQ 

‘‘ +'8% 

1 

0.68 ! 

mm 

0.70 



3 

0.78 

0.72 

0.72 


+ 12% “ 

2 

0.76 : 

0.64 

0.66 



3 

0.68 

0.68 

0.72 



4 

0 68 

0.72 

0.68 


100% lard 

1 

0 74 

0.70 

0.72 

1 0.68 


cholesterol on the saturated triglj’^cerides was also studied bj" 
mixing the fat-free diet writh 7 per cent of tristearin and 7 per cent 
of cholesterol; the results are presented in Table IV. The in- 
gestion of the diet containing the saturated triglj^cerides greatly 








20 


Phosphatase and Fat Metabolism 


lowered the plasma phosphatase activity which was quickly re- 
stored when olive oil was added to the fat-free diet, an effect 
similar to that obtained when saturated or unsaturated fatty 
acids were fed alone. The presence of cholesterol in combination 
with tristearin in the fat-free diet did not influence the enzyme 
activity (Table IV). 

To investigate the relation between the amount of fat in the diet 
and the phosphatase activity of the plasma the fat-free diet, Avith 
increasing amounts of lard, was fed. To obtain uniform distribu- 
tion the lard was dissolved in ether, mixed with the diet, and 
dried. Lard was used to prevent any deficiency disease produced 
by the absence of certain unsaturated fatty acids (17, 20, 21) 
which are present in the lard. The results obtained are given in 
Table V. The plasma phosphatase activity dropped markedly 
when the diet was changed from Purina Dog Chow to the fat-free 
diet. An increase in -lard content of the diet produced a gradual 
increase in the plasma phosphatase activity. The original high 
enzyme level was reached when the lard content of the diet was 
about 8 per cent. If we take into consideration that only about 
65 per cent of the fatty acids present in the lard is unsaturated, 
the 8 per cent of lard is equal to 5 per cent of unsaturated fat. 
A further increase in the lard concentration did not increase the 
plasma phosphatase activity even if 100 per cent of lard was fed. 

DISCUSSION 

The presence of phosphatase in the plasma of albino rats was 
shown by these investigations to be due to the ingestion of a cer- 
tain part of the lipid fraction of the food. The ingestion of car- 
bohydrates or of proteins did not result in an increased plasma 
phosphatase activity. An increase in the activity of the plasma 
•enzyme occurred only when unsaturated fats or fatty acids ivere 
added to the diet. The saturated fatty acids and also the satur- 
ated dicarboxylic acids proved to be entirely ineffective. The 
experiments carried out ivith palmitic, stearic, and cerotic acids 
in combination with sodium taurocholate, however, indicated that 
when the resorption was increased by emulsification the enzymatic 
picture was not changed and the observed low phosphatase values 
were not due to the inability of the intestinal mucosa to resorb 
these acids. 
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The ineffectiveness of chnulmoogric acid and the slight actmty 
of ricinoleic acid arc possibly due to their diarrheal action, and 
also possibly to the position of the double bond of the former acid. 
When the action of linolenic acid is compared ndth hexabromo- 
linolenic acid, the importance of the double bond becomes appar- 
ent. The degree of unsaturation seems to be of no decisive im- 
portance, since oleic, linoleic, and linolenic acids were all active. 
From the results sho\ra in Tabic III it becomes apparent that in 
order to mobilize plasma phosphatase a certain molecular mag- 
nitude of the unsaturated acids is required. The unsaturated 
acids with the carbon cliain of Ca, C^, Cs, and Cn were inactive. 
The next available acid, oleic acid with the carbon chain of Cis, 
w’as active. To determine the exact length of the carbon chain 
of the imsaturated fatty acid at wiiich point acti\ity begins re- 
quires further investigations. It is of interest to compare the 
action of oleic acid with claidic acid; the latter one is a geometric 
isomer of the former one. The higher melting point of 44-45® 
is not sufiScient to explain its slight acthity compared with the 
marked acti\ity of oleic acid, since emulsification with sodium 
taurocholate did not improve this ratio. It seems possible that 
a certain natural configuration is necessarj" to produce this re- 
action. The negative results obtained after ingestion of oleyl 
alcohol and the only slight effectiveness of oleicamide clearly 
demonstrated the necessit}’' of the free carbox3i group. The 
slight acthity of oleicamide ma}" be due to a slow decomposition 
of this compound in the body. The high effectiveness of cephalin 
and the inactivitj^ of lecithin are rather surprising, since both 
contain unsaturated fatty acids. Factors responsible for this 
phenomenon, how'ever, require further investigation. 

The mechanism of fat resorption has been extensive^’ studied 
(27-30) and strong evidence presented that the absorbed fatty 
acids are transformed into phospholipids within the intestinal 
mucosa as an essential step in the res^mthesis of neutral fats. 
The phospholipids formed in this way are transported by the 
plasma (31-33) to the various organs where they may be de- 
posited or transformed to neutral fats to be decomposed according 
to the need of the body. It is probable that the increased plasma 
phosphatase activity following the ingestion of imsaturated fatty 
acids may be linked with the process of transformation of phos- 
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pholipids to neutral fats. The fact, however, that the ingestion 
of only certain unsaturated fatty acids is connected with an 
increased plasma phosphatase activity suggests the possibility 
that a difference may exist between the metabolism of saturated 
and of unsaturated fatty acids. 

SUMMARY 

A colorimetric micromcthod was developed for the estimation of 
plasma phosphatase activity in less than 1 c.mm. of plasma. The 
plasma phosphatase activity of albino rats was found to be greatly 
reduced by fasting. Only ■ the ingestion of the alcohol-ether- 
soluble fraction of the rat diet increased the plasma phosphatase 
level. The ingestion of carbohydrates and proteins did not 
increase the low plasma phosphatase activity produced by fasting. 
Ingestion of saturated fatty acids and saturated dicarboxylic 
acids gave the same results as ingestion of carbohydrates or pro- 
teins. An increase in the low plasma phosphatase activity pro- 
duced by fasting resulted only from the ingestion of certain types 
of unsaturated fatty acids, wherein a certain molecular magnitude, 
the double bond in the carbon chain, and the free carboxyl group 
are essential. The enzyme reaction following the ingestion of 
various fatty acids was not influenced by the presence of carbo- 
hydrates or proteins. Cephalin ingested after fasting produced 
a marked increase in the plasma phosphatase activity, while 
under the same conditions lecithin was found to be entirely with- 
out action. For obtaining the highest plasma phosphatase ac- 
tivity about 8 per cent of lard was required in the diet. A further 
increase in the lard concentration did not increase the enzyme 
activity. 
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Colorimetric methods for the determination of acetone based 
on the reaction of acetone salic 3 daldeh 3 *de in alkaline solution 
hold an intermediate position, ^vith respect to specificity and 
sensitmt}", between gravimetric and iodoraetric methods (1). 
In these respects the}' appear to have no advantage over recently 
published methods (2, 3) which combine the specificit}' of mercury 
precipitation with a high degree of sensiti\dt 3 '. However, because 
of their greater rapidit}' and siraplicit}" of technique salicylalde- 
h 3 "de methods may frequently be preferred. 

In previous salic^daldehyde methods use has been made of a 
boiling water bath (4, 5), or of a bath at 45~o0® (6, 7), to hasten 
color development. The former procedure has been criticized 
(7) because of the loss of small amounts of acetone at this high 
temperature, while the latter procedure is slower and less con- 
venient. In the present paper a modification is proposed which 
reduces the time necessary for the development of color without 
the application of heat. The speed with which the salicylic 
aldeh^’^de reaction takes place depends upon the concentration of 
reacting substances as well as upon temperature. If the concen- 
tration of reagents exceeds a certain point, a precipitate is formed 
which has hitherto been a limiting factor. In the present method 
the concentration of the reacting mixture is increased and the 
precipitate which forms is dissolved after the reaction is complete. 

Preliminary Procedures — ^The colorimetric determination of 
acetone, preformed or from the other acetone bodies, is made on a 
distillate from blood filtrate or urine. Except in the determination 
of urinary acetone and diacetic acid the sensitivity of the method 
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is limited by the procedures involved in the preparation of these 
distillates. These procedures, as slightly modified from those 
previously used (4, 5), are briefly as follows: 

An all-glass distilling apparatus is recommended, especiallj’- for 
the determination of j8-hydroxybutyric acid.^ This is not essential 
and well fitting corks, but no rubber, may be used for connections. 
The apparatus consists of a 200 to 300 cc. distilling flask with 
dropping funnel, a 200 mm. water-cooled condenser and delivery 
tube, and a receiving tube or flask for which it is convergent to 
use a 15 cc, graduated centrifuge tube for acetone and diacetic 
acid and a 200 cc. round bottomed flask for |8-hydroxybutyric 
acid. The enlarged part of the delivery tube should rest in the 
top of the receiver, forming a cover for it, and the lower end is 
drawn out to a fine tip which reaches to the bottom of the receiver, 
where it is covered by a minimum amount of water. Glass beads 
in the distilling flask and a microburner, with no sand bath, are 
used. Glass joints are lubricated with water. Heat is applied 
slowly at the beginning of distillation to prevent violent bubbling 
in the receiving tube. 

For the determination of acetone and diacetic acid a volume of 
blood filtrate or urine (15 to 30 cc.) is acidified with sulfuric acid 
and distilled to a volume of distillate equal to one-third, or more, 
of the original volume. 

For the determination of /3-hydroxybutyric acid in urine inter- 
fering substances are removed by the Van Slyke copper sulfate- 
calcium hydroxide procedure (8). All volumes may be reduced 
proportionally if advisable. If the urine is dilute, its volume 
may be increased in relation to the volume of the final mixture, 
U\ice the amount of copper sulfate (in 40 per cent solution) and 
calcium hydroxide being used. After standing for 30 to 45 minutes 
the mixture is filtered, or centrifuged and filtered. An aliquot of 
the filtrate is transferred to the distilling flask and acidified with 
sulfuric acid. Water is added, if necessary, to make the volume 
not less than 30 cc. The dropping funnel is inserted and one- 
third, or more, of the volume is distilled to remove acetone and 
diacetic acid, leaving a volume of 20 to 60 cc. (approximately) 
in the distilling flask. Since some acetone is lost during the 
copper-calcium treatment, a separate distillation should be made 

* An apparatus of this sort, with interchangeable ground glass joints, 
has been made for the writer by Eck and Krebs, New York, 
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from untreated urine to determine acetone and diacetic acid. It 
has been found possible to reduce the time for oxidation and 
distillation of pAiydroxyhixlync acid to half that prescribed by the 
Hubbard method- (9). This alteration reduces the volume of 
distillate and consequently increases the sensitivity of the method. 
The solution is brought to a boil and 15 cc. of sulfuric acid (con- 
centrated, diluted 1:1) and 10 cc, of 0.2 per cent potassium di- 
chromate are added by drops during the first 5 minutes of distilla- 
tion, followed by 25 cc. of the dichromate during each of the follow- 
ing 5 minute periods. The rate of distillation is regulated so that 
from about 50 to 85 cc. are distilled at the end of 15 minutes. 

/3-H3'drox3’butyric acid in blood filtrate is determined in the same 
way except that the copper-calcium treatment and separate dis- 
tillation of acetone and diacetic acid are unnccessai*}". 

Colorimetric Detervunaiion 

Reagents — Salicylaldch 5 "de. Eimcr and Amend, acid salicjdous, 
s>Tithetic; c.p. 

Potassium hydroxide, c.p. A saturated, aqueous solution, 
specific gra\’ity 1,540. 

Standard acetone solutions. As previously described (4). 
For accuracy the stock solution should be standardized by iodine 
titration. For less accurate work it can be assumed that 5 cc. 
of freshly opened or well preser\'’ed c.p. acetone diluted to 500 
cc. give a 0.78 to 0.79 per cent solution. Artificial standards are 
described in Table I. 

Ethyl alcohol. (For Procedure B oidy.) Aqueous 70 to 75 
per cent solution. 

Procedure — Exactl}’’ 0.1 cc. of salicylaldehyde is measured into 
a tube graduated to 5 and 10 cc,^ udth a 0.1 cc. pipette^ or a 

* The dichromate-sulfuric acid procedure* as applied in our methods, is 
not entirely satisfactorj' for the determination of small amounts of /?- 
hydroxybutyric acid. More sensitive methods for this oxidation are at 
present being investigated. 

* Tubes made by the Klett Manufacturing Company, Inc,, New York, 
for use in the Klett-Summerson photoelectric colorimeter, graduated to 
5 and 10 cc., are particularly convenient. Tubes graduated to 10 cc., of 
uniform bore, made by the Fales Chemical Company, Cornwall Landing, 
New York, for use in the Kingsbury-Clark albumin determination, are also 
convenient. 

* A short, 0.1 cc. pipette made by Eimer and Amend for the Folin micro 
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1 cc. pipette graduated to tenths (slightly less accurate), followed 
by 2 cc. of the distillate or acetone standard and 1.5 cc. of the 
potassium hydroxide® from a burette wth a fine glass tip. The 
contents of the tube are mixed by several churning motions with a 
glass rod flattened at one end at right angles to the rod to form a 
foot of a size to fit easily into the tubes used. The rod is left in 
the tube which is allowed to stand at room temperature for 20 
minutes or longer. After this the precipitate is dissolved by 
adding either (Procedure A) distilled water to 10 cc. (or more, 
see below), or (Procedure B) the aqueous alcohol to 5 or to 10 cc. 
(see below). Solution and mixture are accomplished by churning 
up and do^vn briskly with the rod. Choice between Procedures 
A and B depends largely upon the acetone concentration, since 
Procedure B gives more, and Procedure A less, color. The use 
of both solvents widens the range of acetone concentrations which 
can be determined, but for certain types of work it may be satis- 
factory to use either one or the other exclusively. The range of 
concentration for which each solvent is practical is discussed in 
the following paragraph. During the period of color development 
it is possible to estimate roughly how much acetone is present and 
therefore which solvent is preferable. Since the two ranges over- 
lap, the choice is significant only for very low and very high con- 
centrations. The reading may be made in either a visual or a 
photoelectric colorimeter.® With the former, acetone standards 
(or artificial standards), as described below, are used and the calcu- 
lation is made as usual. Micro plungers and cups are convenient 
for use -with Procedure B. With a photoelectric colorimeter a 
curve for comparison may be constructed from standardized 
acetone solutions. For approximate results a side-to-side com- 
parison may be made in test-tubes of uniform bore, with the 
artificial standards described below. After Procedure A the color 


blood sugar method has been found particularly convenient for these 
measurements. 

® Potassium instead of sodium hydroxide is used in the present method 
because its greater solubility makes it possible to obtain a higher concen- 
tration of alkali during the reaction. Aside from this it appears to have no 
specific advantage over sodium hydroxide. 

® The Klett-Summerson photoelectric colorimeter has been found satis- 
factory for this determination which can be carried out entirely in the 
standard tubes made for this instrument. 
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fades, and after Procedure B there is a slight and gradual increase 
in color. For this reason, if acetone standards arc used, the}' 
should be diluted at the same time as the unkno\ras. If artificial 
standards or a photoelectric colorimeter is used readings should 
be made within 15 minutes after dilution by Procedure A and 
udthin 30 minutes after dilution by Procedure B. 

Range of Conccnlraiion and Proporlionaliiy — Solutions which 
contain from about 0.5 to 20 mg. per cent of acetone* can be read 
in a ^^sual colorimeter after addition of water to 10 cc. (Procedure 
A). With this instrument and procedure an exact indirect pro- 
portionalit}^ exists between acetone concentration and scale read- 
ing for all concentrations above 1 mg. per cent. Below this the 
i*eadings are exact for concentrations between 0.5 and 0.75 and 
between 0.75 and 1.0 mg. per cent. Concentrations too dark to 
be read can be further diluted wdth water, after the reaction has 
taken place, so that the color falls within the reading range. The 
reagents used in the method are sufficient to react with 2 cc. of a 
200 mg. per cent acetone solution, and dilution can be made to as 
much as 200 cc. without disturbing the proportionality of the read- 
ing against standards diluted to only 10 cc,, pro^dded the color 
determined is not less than that given by a 2 mg. per cent solution. 
With Procedure B concentrations of from about 0.05 to 5 mg. per 
cent of acetone can be read in a \dsual colorimeter if the volume 
is made to 5 cc. and a little over tudee these amounts if the volume 
is made to 10 cc. Readings are correctly proportional to con- 
centration if the latter is above about 0.25 mg. per cent. Below 
this concentration the range of proportionality is limited. Con- 
centrations of over 0.25 mg. per cent, made to 10 cc., can be read 
against those made to 5 cc. With a photoelectric colorimeter the 
reading range depends upon the type of instrument and filter used. 
With a Klett-Summerson colorimeter and green filter (No. 54) the 
range of acetone solutions which can be read is from about 0.02 to 
8 mg. per cent after water dilution to 10 cc. and from about 0.01 
to 1.5 mg. per cent after alcohol dilution to 5 cc. The curve ob- 
tained by plotting acetone concentration against the logarithmic 
scale readings of this instrument deviates from a straight line 

^ The figures given in connection with concentration refer to the mg. of 
acetone in 100 cc. of the solution or distillate, 2 cc. of which are used in the 
determination. The amount of acetone present during the determination 
is, in each case, one-fiftieth of this figure. 



30 


Determination of Acetone Bodies 


after Procedure A, the increase in readings becoming smaller with 
increasing concentration. Practically a straight line curve is 
obtained after Procedure B (solution made to 5 cc.) between 0.1 
and 1.5 mg. per cent concentrations. A more satisfactory filter 
might be found for this determination. The blue and red filters 
which have been tried were not found suitable. 

Choice of Acetone Standards — If acetone standards are used, 
there is considerable latitude in the choice of those to be made 
with each set of determinations, because of the proportionality 
which exists between concentration and depth of color, and be- 
cause of the possibility of additional dilution of either standard 
or unknown after the reaction has taken place. If both Pro- 
cedures A and B are used, the following scheme is suggested. 
0.1, 1.0, and 5.0 mg. per cent acetone solutions are made up from 
the stock solution, and five standard tubes are prepared from them. 

1 cc. of the 0.1 mg. per cent solution and 1 cc. of distilled water 
are put into Tube 1, 2 cc. of the same solution into Tube 2, 2 cc. 
of the 1.0 mg. per cent solution into each of Tubes 3 and 4, and 

2 cc. of the 5 mg. per cent solution into Tube 5. The tubes are 
treated according to the directions given above for the method. 
After the reaction has taken place. Tubes 1 and 2 are made to 
5 cc., and Tube 3 to 10 cc., with the alcohol solution; Tubes 4 
and 5 are made to 10 cc. with distilled water. The alcohol 
standards are equivalent to 0.05, 0.1, and 0.5, and the water 
standards to 1.0 and 5.0 mg. per cent solutions.'^ Unknowns of 
from 0.05 to 200 mg. per cent can be read against these standards. 
Unknowns obviously below 1.0 mg. per cent are made to 5 cc. 
with alcohol and those obviously above, to 10 cc. with water. 
For doubtful ones, either solvent is used. Each is read against 
the nearest standard dissolved by the same solvent. Unknowns 
of concentrations over 1.0 mg. per cent dissolved with alcohol 
and those of over 10 mg. per cent dissolved with water can be 
further diluted with the same solvent to come w’ithin the range of 
the 0.5 and of the 5.0 mg. per cent standards. By this scheme 
the scale readings are correctly proportional to the concentration 
for all unkno\vns above 0.25 mg. per cent diluted with alcohol, 
and above 0.75 mg. per cent diluted with water. Below these 
amotmts there may be an error of from 5 to 10 per cent of the 
concentration. 
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Artificial color standards have been made for use after 
Procedure A. The value of such standards is limited b}" possible 
variations in the chromogenic capacity of different samples of 
salicylaldeh 3 *de, as prenousl}^ discussed (10). Hou’ever, in the 
past 9 3 'ears the writer has obtained over a dozen different samples 
of the Eimer and Amend product at different times, all of which 
gave the same color in tliis reaction, so that the use of artificial 
standards appears justified as long as this product is available. 
For much experimental, as well as routine, work, when great 
accurac}^ is not demanded, these standards are useful and time- 

Table I 

Directions for MaJnng Artificial Standards for Use after Procedure A 


Only c.p. products should be used. The amounts specified are made to 
100 cc. with distilled water. AH standards except the last two may be 
prepared from 10 per cent solutions of the dichromate and cobalt chloride. 


Acetone equivalent 

Potassium dichromale 

Cobalt chloride 

T7V* CtTti 


rn. 

0.5 

0.065 

0.64 

1.0 

0,095 

1.40 

2.0 

0.60 

1.80 

3.0 

1.80 

1.70 

4.0 

3.30 

1.60 

5.0 

5.00 ! 

1.50 

7.5 

13.30 

0.80 

10.0 

13.50 1 

0.30 -f 8 cc. concentrated 
sulfuric acid 


satdng. The standards described in Table I were made to match 
acetone solutions, standardized b}’^ iodine titration and treated 
according to this method. They can be used for side-to-side 
comparisons, b}^ transmitted light, in test-tubes of a uniform bore 
of approximately 13 mm., or for comparison in a visual color- 
imeter, ndth the standard set at 13 mm. The}’’ were made to 
match acetone solutions at this depth because this is the approxi- 
mate diameter of both the Fales and IQett, uniform bore tubes 
which have been used in the side-to-side comparison. In a \dsual 
colorimeter the proportionality with these standards does not 
cover as wide a range as with acetone solutions. They have no 
value in a photoelectric colorimeter. 
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DISCUSSION 

The Behre and Benedict (4) and the Behre (5) methods are 
subject to the criticism of Ravin (7) that traces of acetone are 
lost when a boiling water bath is used for the development of 
color, as evidenced by the qualitative test (11). Ravin also 
pointed out that the addition of salicylaldehyde by drops is sub- 
ject to inaccuracy. The present method, to which these objec- 
tions are not applicable, is felt to be preferable to either of the 
earlier ones, but it might be stated that in the Behre and Benedict 
method these inaccuracies can be greatly reduced by careful and 
uniform technique® and that in the Behre clinical method they are 
insignificant because of the purpose of the test and the type of 
colorimetric comparison used. 

At least two reactions appear to be involved in the formation 
of maximum color with salicylaldehyde; one, which gives most of 
the color, is hastened by warming, while the other, which gives 
an additional fraction of color, is inhibited as the temperature is 
raised. This secondary color appears when solutions are allowed 
to cool after warming and almost entirely disappears if they are 
rewarmed. “Blank” color from the reagents alone increases on 
cooling but does not account for the total increase. The full 
color from both reactions is developed slowly at room temperature, 
or if the solutions are chilled to 10° and then allowed to stand at 
room temperature. The secondary color which develops on cool- 
ing was discussed by Ravin (7) in whose method a 30 minute 
cooling period is used to develop maximum color. Korenman’s 
method (6) is similar in this respect. Behre and Benedict recog- 
nized this increase in color on cooling, but sacrificed maximum 
color to speed. In the present method the temperature in the 
tubes is raised to about 37-40° by the addition of the concentrated 
alkali, and drops almost to room temperature during the 20 minute 
standing period. The spontaneous warming and cooling favor 
the development of maximum color, 

® If all tubes in a series are treated exactly alike in this method, and if 
standard and unknown are of nearly the same concentration, the error due to 
loss of acetone is very slight, and, if the same number of drops of salicyl- 
aldehyde is added to each of a series of tubes in succession, from a long 
pipette held in a semihorizontal position, uniform results can be obtained 
in any one series. 
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The specificity of tlie salicylaldehyde reaction for acetone has 
been studied by Braunstein (12) and Thomson (13). The latter 
author found the reaction more sensitive for acetone than for any 
of the other substances studied which gave a positive reaction. 
These included acetaldehyde, pyruvic acid, propionic acid, ethyl 
acetoacetate, and a number of other compounds. It is found that 
with the method described in this paper acetaldehyde, p 3 ’’ru\ric 
acid, and lactic acid, in amounts occurring in biological fluids, 
do not interfere. A 25 mg. per cent solution of acetaldehyde gives 
approximately the same amount of color as a 0.2 mg. per cent 
acetone solution, while a 500 mg. per cent acetaldeh 3 'de solution 
corresponds to about 25 mg. per cent of acetone. The acetal- 
deh 3 ’'de color is 3 ’enower, less red, than the acetone color, which 
makes exact comparisons difficult. PntuvIc acid reacts to give 
about one-fiftieth as much color as acetone (the color is also j^el- 
lower), but distillates from acetone and p 3 "nivic acid show no ef- 
fects from the latter. The same is tnie of lactic acid, which does not 
itself react. However, if 25 mg* of p 3 TUvic acid are oxidized and 
distilled b 3 " the iS-h 3 "drox 3 "but 3 "ric acid procedure, the distillate gives 
a color vdth salic 3 'laldeh 3 'de equivalent to that of about 0.4 mg. 
per cent of acetone. The distillate from a large excess of lactic 
acid (600 mg.) treated in the same wa 3 " gives a 3 "ellower color with 
salic 3 daldch 3 'de than does a blank. The stud 3 ^ of possible inter- 
ference from other biological substances is being continued. 

The writer vashes to acknowledge ^^^th gratitude the assistance 
of Professor Chester J. Farmer and Dr. Smith Freeman of North- 
western University Medical School, and of Dr. William Muhlberg 
and Mr. George O’Connor of the Union Central Life Insurance 
Compan}". 


SUMXIARV 

A modified salicylaldeh 3 ’'de method for the determination of 
acetone in distillates from urine or blood filtrate is described. 
The reaction takes place in a concentrated mixture of the reacting 
substances without application of heat and is complete in 20 
minutes. The precipitate which forms is dissolved either in water 
or alcohol. The range and sensitivit}’’ of the method are somewhat 
increased over that of pre\dous salic 3 daldeh 3 ’’de methods. Either 
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a visual or photoelectric colorimeter can be used. An almost 
exact proportionality exists between acetone concentration and 
scale reading in a visual colorimeter. Artificial color standards 
for visual colorimetry are also described. Procedures for the 
oxidation of jS-hydroxybutyric acid and the distillation of acetone 
have been slightly modified. The specificity of the reaction is 
brieflj’^ discussed. 
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The two biologically essential alkali cations, sodium and po- 
tassium, follow very different paths of metabolism in the animal 
organism. Presumably, this is a consequence of the fact that, in 
general, potassium is an intracellular constituent and sodium an 
extracellular constituent of the animal organism. The two cations 
are of major importance in determining the partition of the body 
water (1). 

A tracer study of the metabolism of potassium previously has 
been reported from this laboratory" (2). The present paper de- 
scribes the results of a tracer study of the absorption from the 
gastrointestinal tract, the rate of excretion \da the urine, and the 
distribution in certain viscera of the body of sodium administered 
as sodium chloride to normal and mildly sodium-deprived rats. 

EXPERIMENTAL 

The radioactive sodium isotope, Na^^, with a half life of 14.8 
hours (3), was prepared by the bombardment of sodium metal 
in the cyclotron. After bombardment the metal was washed off 
the target holder with 50 per cent alcohol in an atmosphere of CO 2 * 
The washings were acidified with hydrochloric acid to insure com- 

* Aided by grants from the John and Mary R. Markle Foundation and 
the Christine Breon Fund for Medical Research. Technical assistance 
was furnished by the personnel of the Works Progress Administration, 
OfBcial Project 65-1-08-62. 
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plete solution and to convert the sodium to the chloride and then 
evaporated to dryness to drive off the excess hydrogen chloride. 
The sodium chloride was dissolved in a small amount of water and 
the neutral solution was treated with H 2 S to precipitate traces 
of heavy metals that are always present and that are also radio- 
active. The solution was filtered through a Jena sintered glass 
filter and the filtrate aerated to remove any trace of HjS. The 
salt then was diluted to 1 per cent with respect to sodium chloride 
and used in this concentration. 

The rats used in these experiments were 12 to 14 weeks old. 
They had been placed on synthetic diets at 4 weeks of age, when 

Table I 

Coviposition of Basal Diet and Salt Mixtures 
Thiamine chloride 5.0 mg., synthetic riboflavin 4.0 mg.; nicotinic acid 
50.0 mg. 


H&saI diGt 

1 

Salt mixture 





Salt 



1 

Casein (acid-washed) 

gm. 

25 

Ca,(P04)2 

gm. 

1.5 

gm. 

1.5 

Fat (Crisco) 

23 

NaCI 

0.75 


Sucrose 

50 

KCl 

1.25 


Cod liver oil 

2.5 

MgS04-7H20 

1.0 


Rice bran extract 

3.0 

Fe(NH4)j(S04)2-6H20 

0.3 


Salt mixture 

4.8 

Total 

4.8 

4.8 


they weighed 50 to 60 gm. The tests were carried out on two 
groups of twelve rats each. 

The composition of the basal diet used and of the control and 
low sodium salt mixtures is shown in Table I. The sodium con- 
tent of the deficient diet was 60 mg. and of the control diet 350 
mg. per 100 gm. of food. The sodium-low diet emplo 3 ’‘ed in these 
experiments was only on the border line of deficiency, and it was 
not expected to produce drastic deficiency symptoms such as were 
observed by Orent-Keiles and McCollum (4, 5), on a diet of 
0.002 per cent of sodium. Osborne and Mendel (6) obtained 
normal growth in rats on a diet of 0.035 per cent sodium. Wlrile 
the sodium-low animals in the present experiments averaged about 
10 per cent less in weight than the controls, the difference was 
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not statistically significant. On a diet of the same sodium content 
as ours, Andei^son and Joseph (7) obtained animals that were 
inferior in growth and in general appearance to the control 
rats after 5 te 6 months on the diet. 

At the time of the experiments, the rats weighed between 140 
and 220 gm. The average weight of the control animals was 183 
gm. and that of the sodium-low was 168 gm. All animals were 
fasted for 24 hours before the administration of the radioactive 
sodium chloride solution. Following administration of the Na*Cl, 
the rats were placed in wre-bottomed metabolism cages equipped 
^Yith feces-urinc separators (8) in order to collect the excreta 
separately. 

Except where otherwise noted, 1 ml. of the 1 per cent Na*Cl 
solution was administered to each rat b}* stomach tube. At 
about the end of the desired time interv^al for a particular experi- 
ment, the rat was anesthetized with ether and sacrificed hy ^nth- 
drawing blood as completely as possible by cardiac pimcture. 
The blood was collected over oxalate and centrifuged at once to 
obtain the plasma. The various organs were removed and trans- 
ferred to stoppered test-tubes for weighing. 

For time inten^als up to about 2 hours, the stomach was opened 
and the contents washed out with a stream of distilled water. 
The contents of the small intestine were washed out by inserting 
a s 3 ’Tinge at the upper end and forcing out the contents vdth a 
stream of water. The tissues were weighed into 10 ml. Coors 
ashing capsules, dried, and ashed in an electric muffle at 450-500°. 
The ash was dissolved in a minimmn of dilute hj^drochloric acid 
and evaporated to domess in the capsule. Precautions were 
taken to distribute the chlorides formed as uniformlj^ as possible 
over the bottom of the capsule. 

To determine the radioactivit 3 " of the blood plasma, a measured 
portion was dried in a capsule and read without ashing. Because 
of the strong y emitted b 3 ’’ Na-^, ashing had no measurable 
effect on the actmt 3 ’’. 

All radioactmt 3 ’’ measurements were made b 3 ^ means of a 
Lauritsen electroscope and the rate of discharge was compared 
vdth that of a standard consisting of 0.002 to 0.01 ml. of the 
original Na*Cl solution dried in another ashing capsule. 

A reading was made on the standard at approximately hourl 3 ^ 
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intervals while observations were being made on the test samples. 
The electroscope discharge rates found for the standard, after the 
background rate was subtracted, were plotted against a linear time 
scale on semilogarithmic paper. This yields a straight line from 
which it is easy to determine the half life of the sodium and the 
value for the radioactivity of the standard at any instant. Di- 
viding the electroscope discharge rate obtained for a test sample 
by the rate of the standard obtained graphically and multiplying 
by the appropriate dilution factor give the per cent of the tagged 
dose administered that is present in the particular tissues repre- 
sented by the sample. 

This method of calculation is much simpler than a common one 
of correcting all observations back to some zero time, and is easier 
than an arithmetical calculation of the rate of the standard at 
times between observed values. The observed half life also 
furnishes a check on the purity of the sodium sample and is a 
proof of its identity. 

Results 

Absorption — The rate of absorption may be judged from the 
curves of the percentage of labeled sodium remaining in the fluid 
contents and tissues of the stomach and small intestine. These 
are plotted in Fig. 1. The rate of removal of the sodium from 
the gastrointestinal tract, as was found Mth potassium, is subject 
to great individual variations, particularly in the early time 
periods. 

The absorption of the sodium appears to be considerably faster 
than was found for potassium. Only about 25 per cent of the 
sodium was present in the contents and tissues of the stomach and 
small intestine after about 10 minutes as against an average of 
about 75 per cent for potassium (2). About 95 per cent of the 
labeled sodium disappeared from the gastrointestinal tract within 
an hour. These observations are in harmony wth those of 
Hamilton (9), who measured the absorption of the biologically 
important univalent cations and anions in man with radioactive 
isotopes by determining the increase in the radioactivity of 
the hand. 

Mild sodium deprivation has no significant effect on the rate of 
its absorption from the gastrointestinal tract. 



Greenberg, Campbell, and Murayama 39 


No sodium accumulated in the liver during the period of ab- 
sorption, such as was found in the case of potassium. 

Excretion — ^The cur\’es for urinary" excretion of the labeled 
sodium are showm in Fig. 2. With doses between 0.5 and 20 mg. 
of administered Na*Cl given by stomach tube in 5 ml. of water, 
the rate of excretion was independent of the size of the dose 
(Curves 1 and 3). A much larger fraction of the administered 
sodium was excreted when 100 mg. of Na*Cl in 5 ml. of water 
were administered (Curv'es 2 and 4). The sodium-deprived rats 
excreted less of the equivalent doses than did the normals. This 



Fig. 1. Residual radioactive sodium in the gastrointestinal tract after 
oral administration of labeled sodium chloride (1 ml. of 1 per cent solution). 

is contrary^ to the observation of Anderson and Joseph (7), who 
found an even greater excretion of sodium by the sodium-low 
animals. The divergent results may be due to the difference in 
the animals, and the experimental procedures. Anderson and 
Joseph's rats were maintained for 5 to 6 months on the experi- 
mental diets as against 2 to 2.5 months for our experimental 
animals, and a saline-glucose solution was administered to their 
test animals on the day prior to the experiment. 

Whereas the urinary’' excretion of labeled potassium was found 
to follow a nearly linear course for a period of about 3 days after 
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administration, the excretion of the sodium follows an exponential 
curve. 

Distribution — ^The changes in the specific content of radioactive 
sodium of representative body tissues with time are shown in 
Fig. 3. The average values and standard deviations of the specific 
contents of all the tissues that were studied are given in Table II. 

The uptake of sodium by the tissues and body fluids is ex- 
tremely rapid. In most cases the maximum accumulation was 
reached within the first sampling period (12 minutes). This 
rapidity of uptake has also been observed by Griffiths and Mae- 
graith (10). In nearly all cases the specific accumulation remained 



Fig. 2. Urinary excretion of radioactive sodium. Curves 1 and 3 repre- 
sent doses of between 0.5 and 20 mg. of Na*Cl in 5 ml. of water, and Curves 
2 and 4 represent doses of 100 mg. of Na*Cl in 5 ml. of water. The circles 
represent rats on eontrol diet; the squares, rats on the sodium-low diet. 

at a nearl}'' constant level for the total period of observation (1100 
minutes). The significance of the rapid distribution of the labeled 
sodium to the phase make-up of the tissues of the body will be 
brought out in the next section. 

Tlie highest concentration of labeled sodium, as would be ex- 
pected, was found in the blood plasma. Fig. 3 shows that the 
Na* concentration is in general somewhat higher in the plasma 
of the animals on the low sodium diet. No such difference be- 
tween the two groups was found for the calculated amounts of 
radioactive sodium in the whole of the blood plasma. In the 
calculations the value of the blood volume for the rat as given by 
Donaldson (11) and the directly measured hematocrit values 
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were used. This calculation showed an average content of 11 
per cent of the administered labeled sodium to be present in the 
blood stream. 

The skin, muscle, and blood plasma arc the most important 
storage sites for the sodium. The former two tissues accounted 
for about 20 per cent each of the administered radioactive sodium. 
The total content of the liver was about 2.5 per cent. In the 
kidney, aside from several unusually high values of specific con- 
tent, there is about the same constancy as was found in the liver. 
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Fig. 3. Specific content (retention) of radioactive sodium in blood and 
in various tissues per gm. of fresh weight. 


The actual values are about tnice as great as those of the liver. 
The high values in the kidney's, presumabl}", are due to concen- 
tration of the labeled sodium in the process of being excreted. It 
is a point of interest that the unusually high values of specific 
sodium content in the kidneys were found in the sodium-low 
animals. 

Extremely high values of specific radioactive sodium content 
were also found in the stomach. These, too, mostly occurred in 
the sodium-low animals. 
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The specific content of the muscle of normal rats remamed 
quite constant over the observed time interval. In the sodium- 
low animals there was a definite increase, starting at about 200 
minutes and continuing for the rest of the 1100 minute interval. 
This either represents an increase in the extracellular phase or a 
permeation of sodium into some part of the muscle in which there 
is not the same rapid exchange of ions as occurs in the interstitial 
fluid. 

The observed accumulation in the skin was quite variable. 
Toward the end of the time of observation there was a marked 
reduction in the amount of Na* in the skin in both normal and 
sodium-low animals. 

Apparent Volume of Distribution of Labeled Sodium — ^The cur- 
rent knowledge concerning the electrolyte and water relations of 
living tissues has been extensively discussed in reviews (1, 12-14) 
and original articles (15-19) in recent years. The conception 
in the main has been that tissues such as muscle consist of an 
extracellular phase which has approximately the composition of 
an ultrafiltrate of blood plasma and an intracellular phase which 
contains no sodium or chloride ions. This concept has been 
modified bj'’ Manery and Hastings (19), who have reached the 
conclusion that tissues consist of one extracellular phase wliich is 
in ionic equilibrium with blood plasma and consists essentially 
of plasma ultrafiltrate and connective tissue proteins, and two 
intracellular phases, one of which contains neither sodium nor 
chloride ions and the other contains chloride and may or may not 
have sodium in equivalent proportion. 

According to these authors, skeletal muscle, heart, liver, spleen, 
intestine, and brain can be nearly described in terms of the extra- 
cellular phase and the first intracellular phase. 

The work of Heppel (20, 21) who observed that sodium can 
replace the depleted muscle potassium of potassium-deprived 
rats supports the view that sodium can be present in the intra- 
cellular phase of tissues. 

The data on the specific contents of the labeled sodium given 
in Table II lend themselves to a calculation of the apparent volume 
of distribution, or the sodium space of the body and tissues. 
Similar calculations on the rabbit have been made by Griffiths 
and Maegraith (10). The data of these authors are not very 
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accurate because of the ver^” weak radioactive sodium samples 
available to them. 

The assumptions upon which calculations of the relative pro- 
portions of the different tissue phases are based are given among 
others by Hastings and Eichelbergcr (17) and Maneiy- and 
Hastings (19). Emplo^dng in principle the method of calculation 
given b}^ Hastings and Eichelbergcr, we have calculated the ap- 
parent volumes of distribution of the labeled sodium and their 
standard delations and the results are recorded in Table II. 

The following equations were employed in the calculation. 

where (F)Nft the sodium space in per cent of total water, {Na*}^ 
the specific Na* content per gm. of tissue water, and {Na*}/« the 
hypothetical specific Na* content of the sodium space. Now 

lNa*!r = (Na*)r/TH ,0 

where (Na*)r is the specific Na* content per gm. of fresh tissue 
and ThjO the water content of the tissue, and 

0 95 


in which (Na*)p is the specific Na* content of the blood plasma 
and the factors 0.95 and 0.92 are the Donnan distribution ratio 
and water content of the blood plasma, respectively. When 
these relations are combined, there is obtained the equation 


0 92 
= 0-j5 


(Na*)r 

(Na»)p X Tn^o 


The apparent volume of distribution in the body in per cent of 
body weight is given by the relation 

n ^ administered Na^ minus excreted Na* 100 

(Na*)p ^ body weight 

The values for the apparent volumes of distribution shown in 
Table II are in good agreement with values calculated by others 
(1, 19) from the total sodium content of the tissues. Since the 
rate of uptake of sodium by the tissues is very rapid, it would 
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follow that there is little, if anj% of the region of sodium distribu- 
tion that is not readily permeated by the labeled sodium. The 
sodium of the tissues covered in the present investigation, it 
would appear, is csscntiall}" all extracellular. 

The rise, late in the experimental period, of the specific Na* 
content of the muscle of the sodium-low rats that is seen in Fig. 3 
and the obsen’ation of Heppel (20) that about an hour is required 
for the ratio of muscle Na* to serum Na* to become constant in 
potassium-deprived rats, however, are open to the interpretation 
that sodium can be present in the intracellular phase. Ob\aously 
further experimental evidence is required to resolve this problem. 

The apparent volume of distribution determined for the mem- 
bers of the gastrointestinal tract are high, probably because of 
incomplete absorption of the labeled sodium in some instances, 
and later, because of reexcretion with the digestive fluids. The 
stomach is particular!}’- outstanding in its apparently high volume 
of distribution. The kidneys also show an extremely high sodium 
distribution space. 

No significant differences were observed in the values of the 
sodium space between the normal and sodium-low animals. 

We are indebted to Professor E. 0. Lawrence and the staff 
of the Radiation Laboratory of the Universit}’- of California for the 
radioactive sodium used in these experiments. 

SUjMMAKY 

1. Radioactive sodium administered to fasted rats as sodium 
chloride is absorbed from the gastrointestinal tract even more 
rapidly than is potassium. The absorption probably takes place 
by a process of diffusion. 

2. The course of the excretion of labeled sodium through the 
kidney follows an exponential curve. As would be expected, 
animals on a diet low in sodium retained a larger fraction of the 
administered sodium than those on an adequate sodium intake. 

3. The absorbed sodium is ver}’- rapidly distributed throughout 
the fluids and tissues of the body so that a maximiun of specific 
accumulation is already reached in most cases \\dthin about 10 
minutes. The specific accumulation then persists for many hours 
at a constant level. No statistically significant differences were 
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found between the levels of the sodium content of blood and tissues 
of the control and those of the sodium-low animals. 

4. Calculations of the sodium space of the body and tissues of 
the rat from the values of the labeled sodium contents showed good 
agreement with calculations made from total sodium content. 
This indicates that the labeled sodium rapidly permeates to all 
regions of the animal where sodium is normally present. The 
one exception to this was the muscles of the sodium-low rats 
which showed a steady increase in specific sodium content toward 
the end of the experimental period. 
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The disease of cattle, kno\\’n in veterinary practice as “sweet 
clover disease,’* arises from the eating of improperly cured hay 
or silage made from the common sweet clovers Mdiloiiis alba and 
Mclilotus officinalis. Its occurrence was originally observed prac- 
tically simultaneous!}" in 1921 by Schofield in Canada and Rode- 
rick in this country. Schofield (1, 2) published his obser\"ations 
in 1922 and 1924. Subsequently Roderick (3, 4) and Roderick 
and Schalk (5) recorded the etiolog}" and patholog}" of the disease 
in a comprehensive and thorough study made at the North Dakota 
Agricultural Experiment Station during the intcr\’al of 1921-32. 

This disease is in a sense without parallel in animal patholog}" 
or human medicine (6~8). When cows, sheep, or rabbits are fed 
spoiled sweet clover hay made from any of the common Meliloius 
varieties, the disease is manifested by a progressive diminution 
in the clotting power of the blood and resultant hemorrhages 
\\'hich usually become fatal. It was recognized by Schofield (2) 
that the disease could be controlled in cattle by the withdrawal 
of the spoiled hay from the diet and by the injection of blood 

* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. Cooperative studies with the Division of 
forage Crops and Diseases, United States Department of Agriculture, and 
Wisconsin Agricultural Experiment Station, paper No. 264, Genetics 
department; personnel and supply assistance since July 1, I93S, in part 
through the Natural Science Research Project 65-1-53-2349 of the Federal 
Works Progress Administration (Madison). 
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serum freshly drawn from normal cattle, provided the hemoiThagic 
extravasation had not proceeded too far. 

Roderick (4, 5) observed that hemorrhage may occur in almost 
any part of the body, but most frequently in the subcutaneous 
and intermuscular fasciae. No visible alteration was found in 
the blood vessels to explain the internal hemorrhagic diathesis, 
but external hemorrhage may be readily induced by surgical treat- 
ment or accidental injuries. The causative agent in the spoiled 
hay apparently survives the digestive processes, enters the blood 
stream, and by some mechanism at present unknown, either pre- 
vents the formation of prothrombin in the liver, or etfects an 
inactivation of formed prothrombin. Recently Quick (9) con- 
firmed the fundamental observation of Roderick that the delay 
in the coagulation time of the blood is due to a disturbance of the 
prothrombin, which is generally recognized as one of the essential 
components of the blood coagulation mechanism (6-8, 10, 11). 

Prior to the biochemical studies begun at this Station in 1934, 
some efforts had been made by others to extract the causative 
agent from hay known to induce the hemorrhagic condition char- 
acteristic of the disease. Schofield (2) attempted to prepare con- 
centrates by extraction with water. The resulting aqueous ex- 
tracts were fed to six rabbits. Three of them remained normal. 
In the other three a delay in the clotting time of the blood .was 
observed and in addition it appeared that some destruction of the 
red blood cells was induced by the aqueous concentrate. 

Roderick and Schalk (5) extracted spoiled hay with water and 
fed the extract daily to a group of rabbits for approximately a 
month. The clotting power of the blood of these animals was 
not altered. In another attempt an aqueous extract of spoiled 
ha)'’ was concentrated under reduced pressure (50-55°). The con- 
centrate was fed to rabbits but no pathological response was 
noted. When the undissolved residue was fed to rabbits, the 
usual symptoms of the disease resulted, which indicated clearly 
that the causative agent, as it occurred in the hay, was not water- 
soluble. 

Roderick and Schalk (5) also attempted to extract the causative 
agent with 95 per cent ethanol, ethyl ether, and 1 per cent acetic 
acid. None of these attempts was successful. Subsequently 
Brown, Savage, and Robinson (12) prepared aqueous extracts of 
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the spoiled hay which were fed to rabbits without any deleterious 
effects. The extensive experimentation done by Roderick and 
Schalk ^rith aqueous extracts of spoiled hay and the findings of 
Brown ct ah cast some doubt on Schofield’s work, which stands 
alone in its claim that the causative agent, as it occurs in spoiled 
hay, can be extracted ^\^th water. All other attempts to extract 
the hemorrhagic agent which liad come to our attention when the 
chemical investigations were initiated at this Station were un- 
successful.* 

Two fundamental issues confronted us when this study was 
begun. There were no chemical criteria available to establish 
the presence of the hemorrhagic agent, and a bioassay offered the 
only available means of testing the ph 3 ’'siological activit 3 ^ of prepa- 
rations and extracts. In the absence of a chemical test complete 
reliance had to be placed on a determination of the prothrombin 
level or acthnt 3 ’’ in rabbit blood or plasma. 

We soon recognized that e.xtraction of the hemorrhagic agent 
in a ph 3 "siologicall 3 ' active form through a simple and direct opera- 
tion was not feasible. TlTien the clotting time of whole blood 
was used for the biological assa 3 ", it was found that the hemorrhagic 
agent was insoluble in petroleum ether, eth 3 d ether, ethanol, 
acetone, dioxane, water, and aqueous acid. On the other hand, 
dilute sodium h 3 "droxide effected the solution of the hemorrhagic 
principle. In 1936-37 one of us developed a scheme for the 
preparation of active concentrates (13). 

With the prothrombin method of Quick (14) for the bioassa 3 ", 
this extraction scheme, which will not be given in detail, 3 ’ielded 
concentrates \rith much higher activit 3 ' than the original ha 3 '. A 
bluish green ether solution was obtained which upon removal of the 
ether gave a green residue weighing 0.52 gm. This concentrate 
showed a ph 3 ’'sioIogical actmt}’’ equiv'alent to about 75 gm. of the 
original ha 3 ^ and thus represents a concentration of about 150-fold. 
Treatment of the blue-green ether solution with the activated 
carbon knowm as Nuchar, after addition of 3 volumes of petroleum 
ether, removed 0.14 gm. of solid material from the solution. This 
treatment left a colorless inactive solution. Attempts to elute the 
ph 3 »’siologicall 3 ’’ active material were unsuccessful. But when the 

* Private communications to K.P.L. from various investigators who 
abandoned the work without publishing their findings. 
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carbon was fed to a rabbit, a reduction in prothrombin activity 
was noted equivalent to that obtained after 50 gm. of the original 
spoiled sweet clover hay were fed. This indicated that at least 
partial elution of the active principle from the carbon was effected 
by the digestive system of the rabbit. 

After repeated trials we have succeeded in separating the hemor- 
rhagic substance quaniiUiiively from the spoiled hay. We are now 
able to produce consistently an active concentrate with a potency 
approximately 200 times greater than the original spoiled hay,’ 
This concentrate is essentially free from fats, waxes, certain pig- 
ments, sugars, glycosides, water-soluble polysaccharides, water- 
soluble acids, amines, alkaloids, water-soluble proteins, and water- 
soluble decomposition products of chlorophyll. 

At this stage of the investigation the chemical nature of the 
hemorrhagic agent is still unknown. Consequently each step in 
the fractionation scheme has been developed and controlled sepa- 
rately through prothrombin assays on standardized susceptible 
rabbits, selected specifically for this study (15).^ The activity 
of each fraction was related to the original spoiled hay rather than 
to the total solids of the individual active fractions. By evaluat- 
ing each fraction by the prothrombin assay it became possible 
to include in the scheme only those operations that effect essen- 
tially a quantitative separation of the physiologically active agent. 

EXPERIMENTAL 

The spoiled sweet clover hay used in this work was produced 
experimentally® from Meliloiue alba by the procedure de- 
veloped here by Smith and Brink (16). In its color and tobaeco- 
like suffocating odor, the artificially spoiled hay corresponded 
to the spoiled hays that are encountered in agricultural practice 
and, as Roderick showed, are usually fatal to cattle ((5) p, 39), 
The hay was milled so that it would pass through a screen having 
openings about 0.5 mm. in diameter. 

= The method employed to assay potent spoiled sweet clover hays and 
physiologically active concentrates prepared therefrom by evaluating their 
capacity to reduce the prothrombin level in rabbit plasma will be given 
in detail in a subsequent paper. 

’ The spoiled hay used by Quick (9) was obtained in October, 1936, from 
this experimentally produced stock. 
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Exlraclion Procedure {See Diagram) 

Step 1 — ^The milled hay (3 kilos) is extracted mth Skelly- 
solve A (pentane) for 24 hours in a large Soxhlct extractor (Bam- 
stead Still and Sterilizer Company). The extract containing 
waxes, fats, and other lipoidal material is inactive. The solvent 
is allowed to evaporate from the extracted hay at room tem- 
peratures. 

Step 2 — The extracted hay** is placed in 30 liters of water to 
which 260 cc. of concentrated HCl have been added. During 
the steeping for 48 hours at 25-30®, the suspension is shaken 
occasionally and if necessaiy' concentrated HCl is added to main- 
tain the pH in the range of 1 to 2. After 48 hours the steep- 
waters are removed by filtration. The}" are inactive and contain 
materials soluble in dilute aqueous acid (carbohydrates, acids, 
proteins, alkaloids, etc.). 

Step 8 — The w’et filter cake from Step 2 is placed in 30 liters 
of water containing 120 gm. of NaOH and steeped for 48 hours 
at 25-30°. The mash is shaken occasionally and if necessai*}' 
concentrated NaOH is added to maintain a pH of 11 to 12. This 
treatment effects an extensive swelling and disintegration of the 
sweet clover tissue. The pectins, hemicelluloses, gums, and water- 
insoluble acids dissolve in the form of sodium salts. If the liquid 
is separated from the fiber at this point by filtering or centrifuging, 
the hemorrhagic fraction is found in the alkaline solution. The 
fiber is inactive. However, the dispersed pectins, gums, and 
hemicelluloses make the separation of the fiber and insoluble 
material very dfficult and laborious. In practice this laborious 
and time-consuming separation is avoided through the technique 
embodied in Step 4. 

Step 4 — The alkaline solution (wthout separation from the solid 
fibrous material) is acidified by adding concentrated HCl imtil 
the solution is at pH 3.0. This precipitates the pectins, hemi- 
celluloses, gums, and w’ater-insoluble acids on the suspended fibers 
which then act as a carrier and greatly facilitate filtration. The 
acidified suspension should stand several hours to allow the acid 
to diffuse into the fibrous material before the filtration is made. 
The filtrate is inactive, while the precipitated material contains 
the total physiological activity of the spoiled sweet clover hay. 

* 10 gallon glass-lined vessels are used in Steps 2 and 3. 
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Step 5 — The precipitated material collected on the filter in 
Step 4 is leached with 20 liters of ethanol (90 to 95 per cent) for 
48 hours at 25-30°. The ethanolic extract is removed by filtra- 
tion. This leaching process is repeated three times and the four 

Steps in Concentration of Hemorrhagic Agent 
Spoiled sweet clover hay 

1. Extract with n-pentanc 
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Slcp 7 — ^The residue from Step 6 is removed from the still by 
dissoMng it in 0,5 per cent NaOH, The alkaline solution is 
acidified b}' adding HCl until pH 3 is reached to precipitate the 
active material. The flocculcnt precipitate formed settles on 
standing for about 12 hours. The clear supernatant liquid is 
filtered through an asbestos mat on a Buchner funnel. The 
bro\smish green precipitate is finatl\' transferred to the filter and 
sucked dry. The inactive filtrate is discarded. 

Step S — The active broumish green precipitate obtained in Step 7 
is removed from the filter, and dbsolved in 1 liter of methanol. 
To this solution are added 3 volumes of ether, which gives a large 
flocculent precipitate. This precipitate is removed b}’ filtration 
through a fluted filter paper. The precipitate is dissolved in 
methanol and again precipitated by adding ether. This treatment 
gives a large gumm\' precipitate which is inactive, and a bro'svnish 
green active solution. 

Step 9 — ^The physiologically active solution from Step 8 is con- 
centrated under reduced pressure at 25-30° to remove volatile 
solvents. The residue is dissolved in about a liter of 0.5 per cent 
NaOH and is then precipitated in a fineh' divided condition by 
acidifjdng with HCl. The solution should be definite!}' acid to 
Congo red (about pH 3). The suspension is shaken with an equal 
amount of ethyl ether. After the ether layer is separated from 
the insoluble material and aqueous layer, the solid material is 
dissolved by adding NaOH, again precipitated, and shaken ^vith 
ether. The ether layers, which have a high actmty, are combined. 
The insoluble material suspended in the aqueous laj'er retains 
some acti\dt 3 \ By repeating the extraction procedure of Steps 8 
and 9 on this residue, the remaining actunt}’’ is almost completely 
obtained in the ether layer. 

The ether solution has a blue-green color and contains the ether- 
soluble, water-insoluble, acidic compoimds such as chlorophyll 
degradation products, fatty acids, phenolic compounds, organic 
acids, etc. After the ether is removed imder reduced pressure, a 
concentrate (15 to 18 gm.) is obtained which has constant physio- 
logical acthuty. 'UTien 0.60 -gm. of this concentrate was fed to 
standardized susceptible rabbits- the plasma prothrombin level 
was reduced to 10 per cent of the normal in 40 to 48 hours. This 
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represents a 200-fold concentration (minimum) of the hemorrhagic 
principle. 


SUMMAEY 

1. An extraction and fractionation scheme has been developed 
for the concentration of the hemorrhagic substance in spoiled 
sweet clover hay {Meliloius alba). 

2. When 0.60 gm. of this concentrate is fed to standardized 
susceptible rabbits, the plasma prothrombin is reduced to 10 per 
cent of the normal in 40 to 48 hours. This is equivalent to a 
200-fold concentration (minimum) of the hemorrhagic agent. 

3. The chemical nature of the hemorrhagic agent present in the 
concentrates is not known at this stage. However, it can be 
stated that the concentrate is essentially free from the following 
classes of substances: fats, waxes, certain pigments, sugars, glyco- 
sides, water-soluble polysaccharides, water-soluble acids, amines, 
alkaloids, water-soluble proteins, and water-soluble decomposi- 
tion products of chlorophyll. 

This series of investigations on the hemorrhagic sweet clover 
disease was undertaken at the suggestion of Dr. R. A. Brink of 
the Genetics Department, who in 1933 initiated the fii’st trials at 
this Station to select a non-bitter strain of sweet clover. We are 
indebted to Dr. Brink and to Dr. E. A. Hollowell of the Office 
of Forage Crops and Diseases, United States Department of 
Agriculture, Washington, for their generous counsel and financial 
assistance throughout the course of this study. 
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lODOMETRIC ESTIMATION OF SMALL QUANTITIES OF 
NITROGEN WITHOUT DISTILLATION 

By MILTOX levy and ALBERT H. PALMER 

(From the Department of Chemistry ^ Neve York University College of MedicinCy 

New York) 

(Received for publication, July 13, 1940) 

The method proposed by Rappaport (6) for the estimation of 
nitrogen is based on the reaction SNaOBr + 2NH3 X2 + 
3H2O + 3XaBr. AVe have modified this method in detail vhile 
retaining its basic principle. The principal modifications con- 
sist of adoption of the digestion method of Koch and AIcMeekin 
(2), a more convenient method for neutralizing the digest, and 
a more stable hypobromite solution. The modified method has 
been adapted to two ranges of nitrogen and has been used mth 
protein material. The higher range, which we call a micro^ 
range, covers 0.5 to 0.05 mg. of N and the lower one, called a 
decimicro range, covers 0.05 to 0.005 mg. No difficulties should 
be met in bringing the method to a centimicro scale, 0.005 to 
0.0005 mg., if the techniques of Linderstrpm-Lang and Holter 
(4) are adopted. 

Microjnethod — Digestion is carried out wdth 1 ml. of 1 : 1 H2SO4 
and 30 per cent H2O2 essentially as described hy Koch and Mc- 
Meekin (2). We have found Hengar^ granules to be excellent 
antibumping material. After the digest is clear and cool, 10 

^ In \iew of the manj" and inconsistent names used to describe various 
methods for estimation of small quantities of material, we propose a ra- 
tional system baaed on the number of millimolecules in the sample esti- 
mated. If the number of millimolecules is in the second decimal place, 
we call the method a micromethod. If the amount is in the third decimal 
place, we call it a decimicromethod; and if in the fourth, we call it a centi- 
micromethod, following the system of prefixes used in the metric system. 
Further extension both upwards and downwards is obvious. 

* Obtained from the Hengar Company, 1833 Chestnut Street, Phila- 
delphia. 


57 



58 


lodometric Estimation of Nitrogen 


drops of saturated potassium persulfate (5) are added and the di- 
gestion carried on for a few more minutes. We have found that 
persulfate completes the oxidation with greater certainty than 
H 2 O 2 . It is not used for the whole digestion because of the 
resultant accumulation of salt when large quantities of organic 
matter need to be oxidized. After the oxidation is complete, the 
peroxides must be removed completely. This is done by adding 
1 ml. of H 2 O to the digest along with a fresh boiling stone and 
boiling down to fuming again. 

After cooling, the digest is diluted with 10 ml. of H2O, the 
mixture is cooled by immersion in tap water, and 5 ml. of the 
neutralizmg reagent added and mixed with cooling. The neu- 
tralizing reagent consists of 0.5 n NaB02 and 3.5 n NaOH pre- 
pared by dissolving 30.9 gm. of H 3 BO 3 in a liter of 4 n NaOH. 
The reagent is designed to contain insufficient NaOH to neu- 
tralize the H2SO4 and more than sufficient NaB02 to make up the 
deficit. Each new batch of digestion acid and neutralizing reagent 
should be tested to be sure that the mixture is alkaline to phenol- 
phthalein. 

The hypobromite solution is prepared fresh each day by mixing 
20 ml. of a solution of 2.5 ml. of Br 2 and 20 gm. of KBr in a liter 
of water with 50 ml. of 0.4 n NaB 02 prepared from 100 ml. of 
4 N NaOH and 24.7 gm. of H 3 BO 8 made up to a liter. The re- 
duced alkalinity of this solution as compared with NaOH-Br 2 
mixtures slows the change of NaOBr to NaBrOs which is inactive 
in the reaction with NH 3 . Exactly 5 ml. of the hypobromite are 
pipetted into the neutralized digest and, after being mixed, the 
solutions are allowed to stand at least 2 minutes at room tem- 
perature. 

To estimate the excess NaOBr, approximately 0.5 gm. of solid 
KI is added and caused to dissolve by shaking. The solution is 
then acidified by the addition of 1 ml. of 6 n H2SO4 and the lib- 
erated iodine titrated with standard 0.01 n thiosulfate; 3 drops of 
1 per cent starch in 20 per cent NaCl were used near the end- 
point. 

The amount of nitrogen in the sample in mg. is calculated by 
multiplying the difference between the titer of the unknown and 
that of a blank by the normality of the thiosulfate and then by 
14.01/3 = 4.67. The blank usually falls between 12 and 14 ml. 

Decimicromethod — ^The method is essentially the same except 
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that all quantities of solution are reduced to 0.1 of those in the 
micromethod. The semiautomatic pipettes described by Levy 
(3) are used. Since it is inconvenient to make these to hold exact 
predetermined volumes, allowance is made in the concentration 
of reagents so that each delivers the proper total quantity of ma- 
terial. 

Digestion is carried out in 13 X 100 mm. Pjtcx test-tubes with 
100 c.mm. of 1 : 1 H:SOa. Heating is conveniently carried out by 
the use of an A1 or Cu block wdth wells 12 mm. deep to hold the 
tubes essentially as described b^^ Borsook and Dubnoff (1). 
A sheet metal strip with holes spaced like those in the block and 
of a size to catch the rim of the test-tubes is convenient. It is 
mounted on a ring-stand and, by lifting it, all of the tubes are 
removed from the heat at once for cooling and addition of 
HiOs, etc. 

After addition of the acid and samples and small Hengar gran- 
ules, the tubes are heated in the block until fuming and charring 
occur. They are removed, cooled, and a small drop of 30 per cent 
peroxide added to each, then returned to the block, and the heating 
continued. This is repeated until the digest remains clear after 
3 minutes heating. Finally, 2 small drops of saturated persulfate 
are added and the tubes heated for at least 5 minutes. The ring 
of condensing H2SO^ should rise about 2 cm. above the heating 
block if the temperature of the block is right. After cooling, a 
fresh granule is added with 100 c.mm. of H2O to each tube and 
the tubes are placed in an oven at about 120° for 30 minutes to 
destroy peroxides. After this treatment, the digest is diluted 
with 1 ml. of H2O and thoroughly mixed, cooled in tap water, and 
neutralized by addition of the equivalent of 500 c.mm. of the neu- 
tralizing reagent described above. If the pipette does not have 
this exact volume, the reagent is made more concentrated or 
dilute as necessary to make the final pH alkaline to phenolphthal- 
ein. After cooling, 500 c.mm. of the hypobromite described 
above are added and the tubes kept at room temperature for 2 
Doinutes. Excess hypobromite is determined by adding approxi- 
mately 0.05 gm. of KI, dissolving, then adding 100 c.mm. of 6 
N H2SO4, and titrating from a 2 ml. microburette with 0.01 
N thiosulfate. Blanks should run between 1.2 and 1.4 ml. The 
calculations are as above. 

All reagents used should, of course, be as nearly NHr-free as 
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possible. Special attention to the 6 n H 2 SO 4 used is necessary 
because variable amounts of any NH3 in it will be oxidized during 
its addition to the mixture. 

The two methods have been tested on standard (NH 4 ) 2 SO< 
solutions, egg albumin, and diluted serum. The last two were 
standardized by the Kjeldahl method. Some of the tests are 
summarized in Table I. 


Table I 

Accuracy of lodometric Method with Protein Solutions 



N present; 

N found, range 

Average error 



mg. 

mg. 

per eenl 

Micromethod 


0.064 -0.059(5)* 


2.1 


mmM 

0.248 -0.240(5) 


0.9 



0.478 -0.490(5) 

0.006 

1.2 

Decimicro- 

0.0094 

0.0100-0.0090(6) 1 


3.0 

method 

0.0107 

0.0103-0.0101(4) 1 


5.0 


0.0214 

0.0210-0.0214(15) 

0.0006 

2.5 

1 

0.0467 

0.0470-0.0461(5) 

0.00024 

0.5 


* Number of samples is given in parentheses. 


The methods do not require expensive apparatus and are simple 
and rapid. We have found them convenient for the estimation of 
small amounts of nitrogen as encountered in young chick embryos. 
Other workers have found them useful for estimation of N in 
allergens, in blood filtrates, and in bacteria. 

SUMMARY 

Methods for the estimation without distillation of N in samples 
of 0.5 to 0.005 mg. of N as protein have been described based on 
the reaction of NH3 with hypobromite. 
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(Received for publication, July 17, 1940) 

In a pre\ious communication (1) it was reported that acetyl-d/- 
phenylalan3dglycme, when treated with aniline in the presence of 
cysteine-papain, \ields acct3d-J-pheny]aIan3’'Iglycine anilide, and 
that the d component of the acet3dated dipeptide does not undergo 
a similar s^mthesis. Recentl}’, this example of antipodal specific- 
it3^ was reinvestigated %\‘ith the aid of a highh' efifective papain 
preparation. Acet3dHf-phen3dalan3dgl3"cine and both the active 
isomers of carbobenzo\'3T)hen3dalan3dgl3Tine were prepared and 
separatel}^ treated \nth aniline in the presence of C3"steine-papain. 
The d forms were found to combine \nth aniline under the in- 
fluence of the en23Tne, although much more slowh’^ than the I 
forms. The different speed of the enzymatic S3Titheses of the 
I- and d-anilides ma}’' be utilized for the preparation of pure 
^-phen3dalanine and d-phen3dalanine, vith the easih’’ accessible 
acet3d-dZ-phen\daIan3dgl3’’cine as a starting material. 

The as3mmetric course of the reactions discussed above is 
caused b3^ the asymmetry of the phen3dalanine residue. This 
residue is not directly involved in the coupling reaction, since it 
IS the carbox3d of the gl3mine residue that undergoes the anilide 
formation. 

In another set of experiments the glycine residue was replaced 
by the residues of natural asymmetric amino acids. First acet3d- 
I-phenylalanyl-Z-leucine, as well as acet3d-d-phenylalan3d-/-leucme, 
combined vdth. aniline in the presence of cysteine-papain. 
In this case the substrate containing the Z-phen3dalanine residue 
^-gain reacted markedly faster. Acet3d-Z-phenylalanyl-Heucine 
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was transformed into its anilide to the extent of 70 per cent in 24 
hours, whereas only 34 per cent of acetyl-d-phenylalanyl-Meucine 
was transformed in 48 hours. The corresponding dehydro com- 
pound, acetylaminocinnamoyl-Z-leucine, was transformed into 
its anilide to the extent of only 10 per cent in 96 hours. 

Similarly both acetyl-f-phenylalanyl-Z-glutamic acid and acetyl- 
d-phenylalanyl-J-glutamic acid were transfonned into their re- 
spective anilides by cysteine-papain, although at markedly differ- 
ent rates. 24 per cent of the first compound was transformed in 
the course of 2^ hours, whereas the latter compound reacted to 
this extent only after 24 hours. 

The compounds acetyl-Z-phenylalanyl-Z-proline and acetyl-d- 
phenylalanyl-Z-proline were also prepared and subjected to the 
action of aniline in the presence of cysteine-papain. In both 
cases, no anilide formation took place. It appears that these 
acylated dipeptides, containing Z-proline at the carboxyl end, are 
resistant to the synthesizing action of cysteine-papain. 

EXPERIMENTAL 

Enzymatic Synthesis of Acetyl-d-Phenylalanylglydne Anilide— 
The enzymatic synthesis of the corresponding I form from acetyl- 
dZ-phenylalanylglycine and aniline has been described previously 
(1). After filtration of the acetyl-Z-phenylalanylglycine anilide, 
the filtrate contained acetyl-d-phenylalanylglycine. This was 
isolated in the following manner. The filtrate was acidified to 
Congo red with diluted H2SO4 and evaporated to dryness in 
vacuo. The residue was extracted with absolute ethanol and the 
solution evaporated. Acetyl-d-phenylalanylglycine was obtained 
by recrystallizing the residue from water. Needles, with a melt- 
ing point of 159-161°, were obtained. 

ChHi 604 Nj. Calculated. C 59.1, H 6.1, N 10.6 
264.3 Found. " 59.2, “ 6.0, “ 10.6 

= -1.9° (10% in CH5OH) 

On treatment of acetyl-d-phenylalanylglycine with aniline and 
cysteine-papain at 40° over a period of 5 days, acetyl-cZ-phenyl- 
alanylglycine anilide precipitated in a yield of 72 per cent of the 
theory. After recrystallization the anilide melted at 208-209° 
and showed = —21.0° under the same conditions under which 
the antipode had shown [ajc® = -(-21.3° (1). 
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Preparation of UPhcnytalaninc and d-Phenylalanine — ^To a solu- 
tion of 64 gm. of acctyW/-plien34alanylgIycmc in 120 cc. of acetate 
buffer, pH 5, there were added, at 40®, 49 cc. of aniline, 1.1 liter 
of water, and a filtered solution of 2.5 gm. of papain and 1 gm. of 
C 3 ’steinc hydrochloride in 500 cc. of water. Within 15 minutes 
white needles of acet 3 d-f-phen}dalan 3 dgl 3 Tine anilide began to 
form. After 2 hours the precipitate was filtered off and washed 
with a bicarbonate solution. 35 gm., with a specific rotation of 
+18.9® and a melting point of 205-207°, were obtained. In 
order to isolate the Z-phen 3 dalanine from this precipitate, it w’as 
refluxed ^\’ith 2S0 cc. of HCl (20 per cent) for 12 hours. At 0° 
the h3’drol3*sate deposited 15 gm. of Z-phen 3 dalanine h 3 "drochloride. 
A further 5 gm. were obtained on concentration. The hydro- 
chloride was dissolved in 90 cc. of warm water, and decolorized 
with charcoal. Ammonium acetate was added to the filtrate to 
bring it to pH 5. At 0°, 11.2 gm. of ?-phen 3 dalanine with a spe- 
cific rotation of —35.6° w^ere obtained. 

The filtrate from the acet 3 d“Z-phenylalanylgl 3 ^cine anilide de- 
posited, in 2 da 3 "s at 40°, 12.2 gm. of an acet 3 iphenylalanylgl 3 Tine 
anilide ^rith an [a]j, = +3.1° (in glacial acetic acid), indicating 
that this was a mixture of the d~ and the Z-anilide. This anilide 
was discarded. The filtrate now contained almost exclusively 
the d form of the original acet 3 dphenylalan 3 dgl 3 "cine. The solu- 
tion was evaporated to dr 3 Tiess in vacuo and the residue taken 
up in 250 cc. of HCl (20 per cent) and refluxed for 12 hours. 
The h3"drolysate deposited, at 0°, 14.5 gm. of d-phen 3 daIarLme 
h3’^drochloride from which 8,4 gm. of d-phenylalanine 'W’ith an 
Wd = +32.3° were obtained. 

Carhobenzozy-UPhenylalanylglycine — 14.1 gm. of carbobenz- 
oxy-Z-phen 3 dalanylgl 3 ’’cine ethyl ester (2) were stirred with 30 cc. 
of ethanol and 28 cc. of 2 n NaOH, until a homogeneous solu- 
tion resulted. On addition of 28 cc. of 2 n HCl the acylated 
dipeptide separated out in the form of colorless needles. Yield, 
13.0 gm. The material was recr 3 'stallized from ethanol b 3 ^ addi- 
tion of water and dried at 100° in vacuo over PsOg. M.p., 151- 
152°. 


CijHjoOsK,. Calculated. C 64.0, H 5.7, N 7.9 
356.4 Found. “ 63.7, ** 5.3, " 8.1 (micro-Dumas) 

Wd *= —9.6® (5% in glacial acetic acid) 
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Carbobenzozy4-Phenylalanylglycine Anilide — To a solution of 
0.89 gm. of carbobenzoxy-l'ptienylalanylglycine in 2.5 cc. of n 
NaOH there were added 0.5 cc. of aniline, 15 cc. of citrate buffer 
(pH 5.0), 50 mg. of cysteine hj^’drochloride, 10 cc. of papain solu- 
tion, and water to 50 cc. After 3 hours incubation 0.91 gm. of 
the anilide had precipitated. It was recrystallized from acetic 
acid with water and then from methanol. M.p., 180°. 

CibHjsOiNs. Calculated. C 69.6, H 5.8, N 9.7 
431.5 Found. “ 69.4, ” 5.6, “ 10.0 

Wd = -1-9.3° (5% in glacial acetic acid) 

Carbobenzoxy-d-Phenylalanylglycine — The ethyl ester of this 
compound was obtained with carbobenzoxy-d-phenylalanine as 
a starting material in a manner analogous to the preparation of 
carbobenzoxy-Z-phenylalanylglycine ester from carbobenzoxy-Z- 
phenylalanine (2), M.p., 109-111°. 

C 2 iH 2406 N 2 (384.4). Calculated, N 7.3; found, N 7.1 

By saponification of the ester, the free carbobenzoxy-d-phenylal- 
anylglycine was obtained. M.p., 150-151°. 

CioHsoOsNs (356.4). Calculated, N 7.9; found, N 7.7 
[«]“ = -J-9.7° (in glacial acetic acid) 

Carhobenzoxy-d-Phenylalanylglycine Anilide — This substance 
was prepared in a manner similar to that described for the I 
form. After 3 hours, 0.29 gm. of anilide had precipitated. After 
recrystallization, the anilide had a melting point of 179°. 

C 26 H 25 O 4 N 3 . Calculated. C 69.6, H 5.8 
431.5 Found. “ 69.4, “ 6.0 

[aln = —9.4° (5% in glacial acetic acid) 

Acctyldekydrophcnylalanyl-l-Leucine — To a solution of 26.2 
gm. of Z-leucine in 400 cc. of 0.5 n NaOH there were added 37.4 
gm. of acetaminocinnamic acid azlactone and 250 cc. of acetone. 
The mixture was shaken until the azlactone was dissolved, and 
then allowed to stand overnight. On addition of 200 cc. of N 
HCl, acetaminocinnamoylleucine precipitated out. It was fil- 
tered at 0° and washed on the filter tvith ice-cold methanol. 
Reprecipitation from the solution in aqueous sodium bicarbonate 
with HCl yielded 40 gm. For analysis, the substance was di.s- 
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solved in methanol and cr>'stallized by the addition of water. 
Rods, melting at 218-219® (decomposition), were obtained. 

CuH-sOiN:. Calculated. C 64.1, H 6.95, N 8.8 

318.4 Found. “ 64.1, “ 6.7, “ 8.6 

AcdylA-PhcnylalaixyUULexicinc and Acclyl-d-Phaiylalanyld- 
Lcucinc — 15 gm. of acct^ddehydrophenylalanyl-Meiicine were 
dissolved in a mixture of 200 cc. of methanol and 3 cc. of glacial 
acetic acid. After hydrogenation in the presence of palladium 
black, the filtered solution was evaporated to dr3mess. The resi- 
due was fractional!}’' crystallized from 50 per cent aqueous dioxane, 
the first fraction consisting of plates and the later ones of rods. 

After recr3’stallization from methanol-water the fractions ex- 
hibited the following characteristics. 

AcetyW-phenylalanyl-Meucine, plates, m.p. 191-193°. 

CjtHjiOiX;. Calculated. C 63.7, H 7.55, N 8.7 

320.4 Found, ** 63.65, “ 7.4, " 8.7 

[otId = —5.4° (10% in absolute alcohol) 

After another reciw'stallization [a]o was —5.6°. 

AcetyW-phenjdalanjd-Meucine, rods, m.p. 183-184°. Found, 
C 63.6, H 7.4, N 8.5. [a]f = —8.3° (10 per cent in absolute 
alcohol). After another recrystallization [ajo was —8.4°. 

AceiyUl-PhenylalanyUULeucine Anilide — To a solution of 0.32 
gm. of acetyl-Z-phenylalanyl-Weucine in 1 cc. of n NaOH there 
w'ere added 4 cc. of citrate buffer, 10 mg. of cysteine hydro- 
chloride, 9 mg. of papain, and 0.11 gm. of aniline. At 40° crystals 
began to separate within 10 minutes. After 24 hours the anilide 
that had separated out corresponded to 70 per cent of the theoI3^ 
Recr}"stallized from absolute ethanol, it consisted of long thin 
rods. M.p., 234-235°. For analysis the anilide w’as dried in 
vacuo at 78° over P2O5. 

C23H29O3XS. Calculated. C 69.85, H 7.4, N 10.6 

395.5 Found. “ 69.9, “ 7.46, “ 10.6 

[of]” = —41.7° (4% in glacial acetic acid) 

Aceiyl-d-PhenylalanyUULeuci7i€ Anilide — The preparation of 
this substance was carried out as described for the I form. After 
2 days incubation at 40°, 34 per cent of the theoretical!}’’ possible 
amount of anilide had separated. It w^as reci^^stallized by addi- 
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tion of water to its alcoholic solution. Long, fine needles were 
obtained. M.p., 205-206°. The anilide was dried at 78° over 
P 2 OB in vacuo. 

C23H29O3N8. Calculated. C 69.85, H 7.4, N 10.6 

395.5 Found. " 69.8, " 7.2, “ 10.6 
[«]» = —24.8° (4% in glacial acetic acid) 

Acetyldehydrophenylalanyl-l-Leucine Anilide — The preparation 
of this anilide from acetyldehydrophenylalanyl-Z-leucine and ani- 
line was carried out in a manner analogous to the previouslj' 
described preparation of acetyl-Z-phenylalanyl-Z-leucine anilide. 
After 4 days incubation at 40°, 10 per cent of the anilide had 
separated out. From an alcohol-water mixture the anilide 
crystallized in elongated plates. M.p., 205-206°. For analysis 
the anilide was dried at 78° in vacuo over P 2 O 6 . 

C23H27O3N,. Calculated. C 70.2, H 6.9, N 10.7 

393.5 Found. " 70.2, " 6.9, “ 10.6 
[aJn = —5.6° (4% in glacial acetic acid) 

Acetyl-d-Phenylalanyl-l-Gluiamic Acid — '\Vhen acetyldehydro- 
phenylalanyl-Z-glutamic acid is hydrogenated according to the 
method of Bergmann, Stern, and Witte (3), acetyl-Z-phenylalanyl- 
Z-glutamic acid can easily be obtained by crystallization. The 
mother liquor, on evaporation in vacuo, delivers crude acetyl-d- 
phenylalanyl-l-glutamic acid as an oil which can be crystallized 
by dissolving it in 4 parts of hot water and subsequent thorough 
cooling. Yield, about 50 per cent of the weight of the starting 
material. This preparation still contained some acetyl-Z-phenyl- 
alanyl-Z-glutamic acid, which could be removed by several re- 
crystallizations. Finally, an acetyl-d-phenylalanyl-Z-glutamic 
;acid was obtained, which showed [a]o® = —9.0° (10 per cent in 
methanol). 

For the purpose of this investigation it was essential to obtain 
the acetyl-d-phenylalanyl-Z-glutamic acid completely free from 
the isomeric Z-phenylalanine derivative. Therefore, the crude 
material was purified over the dimethyl ester. The dimethyl 
ester was prepared either by means of diazomethane (3) or 
by means of saturated methanol-HCl at 0°. In the latter case, 
after evaporation in vacuo, repetition of the esterification, 
and evaporation, an oil was obtained. It was dissolved in warm 
ethyl acetate, and the solution extracted with a bicarbonate 
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solution and washed vdih water. On cooling of the ethyl acetate 
solution, the dimeth}*! ester crj’stallized. Yield, 60 per cent of the 
theor}', ^Lp., 129®. [a]f = —20.7® (10 per cent in methanol). 

For saponification 5.4 gm. of the dimethyl ester were shaken 
with 30 cc. of ethanol and 33 cc. of x NaOH until solution was 
complete. After an additional 15 minutes, 35 cc. of x HCl were 
added, and the solution was evaporated to about 15 cc. Upon 
thorough cooling 4.4 gm. of acetyW-phenylalanyl-Z-glutamic 
acid ciystallizcd as plates. They were reciystallized from 4 
parts of water and dried over P2O5. On heating, the substance 
begins to soften at 95°, liquefies at about 115°, and decomposes 
above 240°. The air-dried compound contains ^ molecule of water. 
For anal3'sis the substance was dried at 78° in vacuo over P2O5. 

CieHjoOeN;. Calculated. C 57.1, H 6.0, N 8.3 

336.3 Found. '' 57.3, ** 6.15, “ 8.2 

[ot]p = —9.1® (10% in methanol) 

Aceiyl~d-Phenylalanyl~l~Gluiamic Acid Monoanilide — 0.33 gm. 
of acetyl-d-phenjdalanjd-J-glutamic acid was dissolved in a mix- 
ture of 0.5 cc. of X NaOH, 0.2 cc. of aniline, and 5 cc. of citrate 
buffer. To this solution were added 10 mg. of cysteine h^^dro- 
chloride, 3 cc. of papain, and water to 10 cc. After 24 hours, 
24 per cent of the acid had been precipitated as monoanilide. 
The precipitate had increased to a total corresponding to 37 per 
cent of the theory^ after 48 hours. The anilide was recrystallked 
from a methanol-wat-er mixture, 1:1, and was dried at 78° over 
P2O5 in vacuo. M.p., 232-233°. 

CjiHjsOsNa. Calculated. C 64.2, H 6.1, N 10.2 

411.4 Found. " 64.0, “ 6.1, '' 10.4 

Wd *= —118.1° (8% in pyridine) 

In an earlier paper from this laboratorj'’ (4) a melting point of 
231° and [a]^ = —113.9° were reported for a preparation of this 
anilide which was obtained in a different manner. 

In an analogous experiment carried out with acet3d-Z-phenyl- 
alan3d-Z-glutamic acid, 24 per cent of anilide was formed in the 
course of 2| hours, and 41 per cent after 24 horns. 

Acetyldehydrophenylolanyl-UProline — ^To a solution of 23 gm. 
of proline in 333 cc. of 0.6 x NaOH there were added 37.4 gm. of 
acetamino cinnamic acid azlactone and 160 cc. of acetone. The 
iiuxture was shaken until the azlactone was dissolved, and then 
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allowed to stand for 3 more hours. Then 200 cc. of n HCl were 
added, and the acetone was removed by evaporation in vam. 
The acetyldehydrophenylaianylproline crystallized during the 
evaporation and was filtered at 0°. Recrystallization from 40 
cc. of alcohol by addition of water gave 34 gm. of plates melting 
at 140-142°. For analysis, a sample was recrystallized from 
water and dried at 78° in vacuo over P 2 O 6 . 

CieHisO^Nj-^HsO. Calculated. C 61.7, H 6.16, N 9.0 

311.3 Found. ” 61.8, " 5.9, " 9.0 

Two Stereoisomeric Forms oj Acetylp}ienylalanyl-l-Proline—2h 
gm. of acetyldehydrophenylalanyl-Z-proline were dissolved in a 
mixture of 150 cc. of methanol and 5 cc. of glacial acetic acid. 
After hydrogenation in the presence of palladium black, the fil- 
tered solution was evaporated to dryness. The resulting oily 
material was dissolved in a mixture of 25 cc. of methanol and 75 
cc. of ether, and allowed to stand at 0°. After several days 5.6 
gm. of crystalline material had separated. This isomer (Form I) 
was recrystallized from 10 per cent methanol, yielding short rods 
that melted at 174-175°. The substance dried at 78° over P2O5 
still contained 1 mole of water. 

CieHsoO^NrHsO. Calculated. C 59.6, H 6.9, N 8.7 

322.3 Found. “ 59.6, “ 6.6, “ 8.7 

[aJn = —35.3° (10% in methanol) 

Recrystallized from absolute alcohol, cubes melting at 142° and 
containing ^ molecule of alcohol were obtained. 

The methanol-ether mother liquor from the above crystalliza- 
tion of Form I was evaporated to dryness and allowed to stand 
in the cold room with added ether, yielding 13.0 gm. of crystals. 
This material was recrystallized from absolute alcohol and from 
water, yielding 5.4 gm. of Form II as prismatic rods, m.p. 186- 
187°. 

CieHsoO^Nj. Calculated. C 63.1, H 6.6, N 9.2 

304.3 Found. “ 62.9, “ 6.5, “ 9.2 

[“Id = —72.7'’ (10% in methanol) 
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AN INJECTION MANOMETER ASSEMBLY FOR THE STUDY 
OF REACTIONS AT STEADY STATE* 

Bt GORDON MARSH and LOREN OARLSON 

{From the Zoological Laboratories, State UnivcrsiOj of Iowa, Iowa City) 

(Received for publication, July 16, 1940) 

During the course of experiments (to be published) corre- 
lating the effect of h 5 "drogen peroxide on the respiratory metab- 
olism with its effect upon the inherent e.m.f. of frog skin, it be- 
came apparent that the technique of addition of peroxide to the 
(Warburg) manometer vessel from the side bulb was unsuited 
to the accurate determination of the relation of respiratorj’^ rate 
to peroxide concentration. Addition from the side bulb pro- 
duced a reaction whose velocit}’ varied continuous!}^ xmtil dis- 
appearance of the peroxide; the entire reaction was completed 
in 5 to 10 minutes; and the amount of peroxide which could be 
added was sharply limited by the tendency of the skin to de- 
compose it. The obvious advantages of an apparatus which 
would permit the addition of peroxide at a constant rate over a 
relatively long time period led to the construction of the ma- 
nometer vessel and injection assembly described below. 

The apparatus is diagrammed in Fig. 1 in which I is the face 
view and II the side view; III is a bottom view of the manom- 
eter flask.^ The latter is a standard Warburg flask of about 
18 cc. capacity with a capillar}^ tube, Q, issuing from the bottom 
at an angle of about 135° with the side bulb, fZ, so that it may be 
coupled without strain to the injection pipette b}" means of the 
thick walled rubber tube, 0. The 3-way stop-cock, B, connects 
the graduated 1 cc. pipette, D, to the air or to the manometer 
flask, P. The pipette is filled and discharged by means of the 
1*5 cc. syringe, F; the volume delivered is read from the position 

* Aided by a grant from the Rockefeller Foundation for research in 
cellular physiology. 

^ These flasks were made for us by the American Instrument Company. 
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I 

Fig. 1. Injection manometer assembly 

of the mercury, E. The pipette is actuated by the kymograph, 
N, whose low speed gear rotates the metal shaft, M, bearing a 
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hea\y rubber tube, L, which has a nut, K, seated in the upper 
end. The nut exerts an upward thrust on the bolt, J, which has 
a pitch of about 10 turns per cm. The bolt head, J, is squared 
to fit the metal guide, H, The thrust is communicated to the 
piston of the S3Tinge hy the glass rod, G. The support board, 
C, is held to the shaker mechanism (rocking type) by the slotted 
metal plate, S. The slots are in the same vertical line as the 
injection assembly and the center of oscillation lies at the lower 
end of the guide, H, With the kjTnograph properl}’' aligned 
shaking produces no oscillation in the mercury column. The 
left-hand side of the support board is grooved to hold a standard 
Warburg manometer, A, 

Since the fluid volume in the manometer vessel changes con- 
tinuously during an experiment, the manometer constant must 
be known for various fluid volumes. The constants are obtained 
by the standard formula* and plotted against V/, From the 
plot the average constant for any time interval may be ascer- 
tained when the fluid volumes at the beginning and end of the 
interval are known. 

In use the apparatus is made to inject 1 cc. of solution into 
the flask at a constant rate over a period of 1 hour. By control- 
ling the concentration of the material injected and the speed of 
the k}Tnograph, both the amount delivered and the time of 
delivery may be varied within wide limits. The flask is prepared 
m the usual manner wdth an initial fluid volume of 2.4 cc., at- 
tached to the manometer, and the appropriate gas mixture 
passed through. The manometer is then placed on the board 
and connected to the pipette system which has meanwhile been 
filled. The rubber tube, 0, is pushed down on the capillary, Q, 
to a predetermined mark at which it is neither stretched nor 
compressed. This avoids torque on the capillary and prevents 
slipping of the rubber tube. The volume displaced by the end 
of the capillary tube is just sufficient to drive the solution to the 
floor of the manometer vessel. Care must be exercised in fill- 
ing the pipette and in attaching the tubes to see that no gas 
bubbles are trapped in the rubber tubing, for if caught at either 
glass orifice they may undergo a volume change during the ex- 

* Dixon, M., Manometric methods, Cambridge (1934). 
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periment which will produce a serious discrepancy between the 
pipette and the manometer readings. The manometer is then 
placed in the water bath, equilibrated, a preliminary control 
run made, the effect of the injection followed, and a final con- 
trol run made when the injection is finished. 

A high degree of accuracy is obtained in the operation of the 
apparatus. Calibrations of the pipette made by injecting dis- 
tilled water into the manometer vessel and follovdng the volume 
change in the manometer can be repeated within the limits of 
accuracy of reading of the pipette and manometer scales. A 
steady rate of reaction is reached within a few minutes after the 
injection is begun. The rate is maintained over an adequate time 
period, permitting the study of reaction velocities Mthout the 
complication of rapidly shifting concentrations, an end which 
cannot be attained by the technique of addition of materials from 
a manometer side bulb. This offers distinct advantages for the 
study of the influence on tissue or cell metabolism of metabolites 
or other materials which are consumed or decomposed. It seems 
also well adapted to use with enzyme preparations for which 
information could frequently be more readily gained from the 
study of steady state conditions than from the analysis of reac- 
tion velocity curves. 



THE SPECTROPHOTOMETRIC DETERMINATION OF 
VITAMINS D2 AND D3* 

Br CYRIL H. XIELD, WALTER C. RUSSELL, and A. ZLMMERLI 

(F rom the Department of Agricultural Biochemistry, New Jersey Agricultural 
Experiment Station and Rutgers University, New Brunswicl:) 

(Received for publication, July 10, 1940) 

Many color reactions have been reported for vitamin D, but 
few (1-5) have been developed for the quantitative determi- 
nation of this factor. Of the colorimetric methods which had been 
reported at the time this investigation was begim, the Brockmann- 
Chen (4) method, wliich depends on the formation of a yellow 
color by reaction of the vitamin with a chloroform solution of 
aDtimon 3 ' trichloride, appeared to be the most promising. Al- 
though the preparation of an antimon\" trichloride reagent for 
the determination of vitamin A inv^olves few difficulties, great 
care must be taken in its preparation when it is to be used for the 
determination of vitamin D. Brockmann and Chen (4), Wolff 
(6), Emmerie and van Eekelen (7), and Ritsert (8) state that the 
reagent is unstable, its sensitivity changing with time, and that 
it must be free from alcohol and moisture. Ritsert has foimd the 
method exceedingl}" delicate and claims that reliable results can 
be obtained by the inv^estigator onl}” after long experience in the 
preparation and use of the reagent. He reports, furthermore, that 
difficulty is experienced in preparing reagents of identical sensi- 
tivity and that the sensitivity must be redetermined periodical!}^ 
because of the instability of the reagent. Our experience with 
this reagent fully substantiated Ritsert’s claims, and consequently 
a study of the reaction between antimony trichloride and vitamin 
D was undertaken in this laboratory with the purpose of develop- 
ing a method that would give easily reproducible results. 

It was thought that the variation in sensitivity might be due to 
decomposition of the reagent with the formation of acid. It 

* Journal series paper of the New Jersey Agricultural Experiment Sta- 
tion, Department of Agricultural Biochemistry. 
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was found that saturating the antimony trichloride solution with 
dry hydrogen chloride increased the sensitivity, but the resulting 
reagent was extremely hygroscopic and difficult to handle. Addi- 
tion of acetic anhydride eliminated this difficulty but it was effec- 
tive only over narrow limits of concentration. 

Substitution of acetyl chloride for the hydrogen chloride and 
acetic anhydride eliminated the above disadvantages and pro- 
duced a reagent which had all the favorable features of the reagent 
proposed by Brockmann and Chen, exhibited none of its incon- 
sistencies, and was 3 times as sensitive. No difficulty was ex- 
perienced in reproducing reagents of identical properties. The 
reagent may be used | hour after preparation and is stable for at 
least 9 weeks. Consequently no periodic control is necessary. 
A method has been developed with this reagent by means of 
which it is possible to determine 0.2 7 of vitamin D2 or D3. 

EXPERIMENTAL 

Preparation of Reagent — Merck’s reagent chloroform was washed 
seven times with equal portions of distilled water. The chloro- 
form was shaken with an excess of phosphorus pentoxide and 
then run rapidly through filter paper. The chloroform was 
fractionated and the first cloudy portion and the last 10 per cent 
were discarded. Then 15 to 22 gm. of Merck’s reagent antimony 
trichloride were dissolved in 100 ml. of purified chloroform and the 
mixture warmed to 35-45° to effect rapid solution of the salt. 
The solution was filtered, and to every 100 ml. of the filtrate 2.0 
ml. of Merck’s redistilled acetyl chloride were added. 

Spectrophotometric Procedure — Solutions of crystalline vitamins 
D2 and D3 in Merck’s reagent chloroform were used in these 
studies.^ 0.10 to 1.00 ml. of the test solution containing 2 to 20 
7 of vitamin was run from a microburette into a glass-stoppered 
graduated cylinder, containing enough reagent to make a total 
volume of 25.00 ml. The optical density of the solution at 500 
mjti was determined within 4 minutes in a Bausch and Lomb 
universal spectrophotometer. The standard cell of the instrument 
has a capacity of slightly over 23.0 ml.; thus an excess of 2.00 ml. 
is left for convenience in filling the cell. 

In another series of experiments an absorption cell of approxi- 

^ Crystalline vitamins Dj and Dj were generously donated by the Win- 
throp Chemical Company, Inc., Rensselaer, New York. 
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matel}^ 2.3 mU capacity was used. It was made by cementing a 
piece of small bore gloss tubing into a 10 cm. polariscope tube. 
The use of this cell did not impair the accuracy of the method and 
it permitted the determination of as little as 0.2 7 of vitamin D. 

The yellov^dsh pink-colored compound produced by the reagent 
with vitamin D 2 or Dj absorbs none of the incident light at 650 
m/x and shows maximum absorption at 500 mp (Fig. 1 ). This 



WAVE LENGTH IN 

Fig. 1. Absorption curve of the color produced by vitamins Da and D| 
with the reagent. The solutions contained 8 7 of vitamin in a total volume 
of 25 ml. 

fact was utilized in determining the optical density of the test 
solution. The blank cell was eliminated^ and the optical density 
was determined at 500 and 550 mp. The difference between the 
two densities represented the absorption due to the reaction prod- 
uct of the vitamin with the reagent. This eliminated errors 
which might have arisen from differences in general absorption by 
the blank cell and that containing the test solution. 

Ahsorpiion Characteristics of Colored Solution — ^The yellowish 
pink color reaches its maximiun intensity within 30 seconds and 
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is stable for from 4 to 5 minutes. The average of several readings 
taken during this period gives an accurate determination of the 



TIME IN MINUTES 

Fig. 2. Time curve of the change of absorption at 500 itifi of the color 
produced by the reagent with vitamin D 2 . The solution contained 8 y 
of vitamin in a total volume of 25 ml. 
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VITAMIN CONCENTRATION 
IN Max 10^ IN 25 ML. 

Fig. 3. Relationship between absorption at 500 m/z and the vitamin 
concentration. 

optical density. The color fades slowly, so that after 10 minutes 
it has lost 7 to 10 per cent of its initial intensity (Fig. 2). 
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The JB}^ values for crystalline \ntainins D- and D3, calculated 
from the density readings at 500 m/x for 8 7 of vitamin D in a 25 
ml. volume (Fig. 1), are of the same magnitude, approximately 
1800. Fig. 3 shows that the optical denaty of the colored solu- 
tion is proportional to the \dtamin concentration. Included in 
Fig. 3 are three points determined with the small cell of 2.3 ml. 
capacity, which has been described prenously. 



CONCENTRATION OF ACETYL CHIORIOE IN % 

Fig. 4. The effect of acetyl chloride concentration on the sensitivity of 
the reagent. Points between 0 and 1 per cent were not determined. The 
solution contained 8 y of vitamin Di in a 25 ml. volume. 

Effective Range of Acetyl Chloride Concentration — ^The limits of 
acetyl chloride concentration that will yield a reagent of optimum 
sensitivity are conveniently wide. Fig. 4 shows that reagents 
containing 1 to 4 per cent acetyl chloride possess the same sens- 
tivity, whereas 6 per cent acetyl chloride diminishes the send- 
tivity approrimately 10 per cent below the optimum, and this 
concentration is consequently too high. 
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Effect of Antimony Trichloride Concentration — ^The concentra- 
tion of the antimony trichloride may be varied to a considerable 
extent without effecting any change in the quality of the reagent. 
The sensitivity remained essentially constant when the antimony 
trichloride concentration was varied between 15 and 30 gm. of 
the salt per 100 ml. of chloroform (Table I). When 10 gm. per 
100 ml. of chloroform were used, the sensitivity of the reagent was 
appreciably below optimum and the coloration faded faster than 
usual, but after standing 1 week the reagent exhibited optimum 
sensitivity. A concentration of 22 gm. of salt per 100 ml. of 
chloroform was used in these investigations. 

Effect of Alcohol — ^Ethyl alcohol in a concentration of 0.3 per 
cent or less does not interfere with the reaction; 0.7 per cent alcohol 


Table I 

Effect of Antimony Trichloride Concentration on Extinction Coefficient 

of Vitamin Ds 


Ago of 
reagent 

Antimony trichloride concentration* 

30 

20 

15 1 

20 

7.5 

5 

days 







1 

1841 

1800 

1797 

1657 


1231 

8 

1781 

1797 

1834 

1 

1800 

1700 

j 1441 


* The figures refer to the number of gm. of antimony trichloride added 
to 100 ml. of chloroform. 


interferes slightly, whereas 1.4 per cent alcohol markedly lowers 
the sensitivity of the reagent. Merck’s chloroform, which con- 
tains 0.7 per cent ethyl alcohol, cannot be used for the preparation 
of the reagent without the purification described earlier, since its 
use results in a sensitivity 5 to 7 per cent below optimmn. Indi- 
cations are that this interference is not merely due to the alcohol 
content of the chloroform. 

Attention is now being given to the determination of vitamin 
D in milk, poultry feeds, and other products. 

SUMMARY 

1. A new reagent for the determination of vitamins Do and Ds, 
consisting of a solution of antimony trichloride and acetyl chloride 
in chloroform, has been described. 
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2. The limits of concentration of antimony trichloride and 
acetyl chloride, wthin wliich the sensitivity of the reagent is 
constant, have been determined. 

3. The reagent produces a 5'’elIovish pink color n-ith vitamins 
Dj and Da which reaches its maximum intensity within 30 seconds 
and is stable for from 4 to 5 minutes. 

4. The absorption cun'es of the reaction product of the reagent 
with %itamins Da and Dj have been determined in a Bausch and 
Lomb spectrophotometer. The two euiwes are identical, ha-^ing 
a maximum at 500 m;:. 

5. The values at 500 m^ for vitamins D™ and Da are 
identical and are approximately 1800, which is about 3 times the 
value given by the reagent proposed by Brockmann and Chen. 

6. The optical density, as determined by the difference in ab- 
sorption at 500 and 550 mp, is directl}’’ proportional to the vitamin 
concentration. 

7. The lower limit of the amoimt of vitamin that can be ac- 
curately deteimined bj- the method described is approximatelv 
0.2 -y. 
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PHOTOCHEMISTRY OF THE THIAZOLE COMPONENT 
OF VITAMIN Bi 

Bv FRED A[. UBER and FRANK VERBRUGGE 

(From the Biophysical LahoTaiory of the Deparlrneni of Physics^ Universily of 
Missouri, Columbia) 

(Received for publication, July 12, 1940) 

Photolysis of the pyrimidine component of %dtamin Bi by nltra- 
riolet radiation has been reported in a recent paper by the present 
writers (1). It was sho\sm that inactivation resulted not onl}’- 
from the breakdown of the pyrimidine ring structure but also 
from the loss or alteration of those side groups or radicals known 
to be essential for the biological functioning of the \dtanun. 
Nevertheless, only 1 quantum out of more than 50 was found to 
be effective in bringing about inactivation. With the thiazole 
component an analogous quantitative analysis can be made ac* 
cording to the same method, for it has been shown (2, 3) that the 
fungus, Phycomyces blakesJeeanus, can de’velop quite as efficiently 
when administered equimolecular quantities of the two com- 
ponents of \itamin Bi as when given the thiamine itself, and hence 
an assay for either component can be carried out when the con- 
centration of the other is known. In the case of the ^^thiazole’^ 
molecule, it is clear from the work of both Robbins and Kavanagh 
(4) and Bonner and Erickson (3) that inactivation ma}^ mean 
either some change in the h^rirogen of the 2 position or in the 5- 
hydroxyethyl group rather than a breakdown of the ring itself, 
as each of the two groups mentioned has been shown to be es- 
sential for growth. Since decomposition of the ring structure is 
reflected in the loss of selective absorption, these two types of 
photochemical inactivation may be distinguished experimentally. 

EXPERIMENTAL 

A sample of 4-methyl-5-^-hydroxyethylthiazole, obtained from 
Merck and Company through the courtesy of George W, Lewis 
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and referred to hereafter as simply “thiazole," has been used for 
all the reported measurements. Absorption data have been ob- 
tained with a medium Hilger spectrograph and Spekker pho- 
tometer, a tungsten steel spark source, Eastman No. 33 plates, 
and 1 cm. absorption cells. The single broad absorption band 
around 2510 A.., as shown in the top curve of Fig. 1 for a con- 
centration of 12.5 X 10“® M, is in agreement with the published 
results of Ruehle (5) on the basic cleavage product of vitamin Bi 
and related thiazole derivatives. Beer’s law was found to be 
obeyed within the limits of error of the measurements for the 



Fig, 1. Absorption spectra of the irradiated "thiazole” component of 
vitamin Bi. See Table I for values of absorbed energy corresponding to 
the various exposures. 

concentrations upon which the photochemical yields are based. 

In our investigation, each liter of nutrient solution contained 
100 gm. of dextrose (cerelose), 4.0 gm. of Z-asparagine, 1.5 gm. 
of KH2PO4, and 0.5 gm. of MgS04 -71120 in redistilled water, 
together with 2-methyl-5-ethoxymethyl-6-aminopyrimidine at a 
resultant concentration of 1.0 X 10~^ m. 

For the control growth curves, the “thiazole" concentration in 
the nutrient medium was varied from 0.5 X 10“^ M down to zero. 
After 25 cc. of nutrient solution were added to each of ten 125 cc. 
Erlenmeyer flasks and sterilized for 12 minutes at 15 pounds pres- 
sure, each flask was inoculated with 2 drops of a sterile spore 
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suspension from cultures of Phycomyces bJakesleeanu^j plus strain, 
which had been growing for 10 or more days on potato-dextrose- 
agar slants. The mature cultures in the flasks, having grown for 
10 days in a dark oven at 23-24®, were autoclaved and the mycelial 
mats removed, washed, dried for 24 hours at 95-97°, and weighed. 

The control growth curves showing the average dry weight in 
mg. per culture flask as a function of the ^Thiazole” concentration 
for two different determinations are shown in Fig. 2. In the con- 
centration range of 0.025 to 0.250 X lO*"^ m, the dry weight is 



Fig, 2. Increase in drj" weight of Phycomyces cultures as a function of 
“thiazole" concentration, with "pyrimidine” concentration constant at 
1.0 X M (two separate trials). 

seen to be roughly proportional to the concentration. At still 
higher concentrations of “thiazole,^’ the growth became limited 
by the ‘ ^pyrimidine, ’’ whose concentration was maintained con- 
stant at 1.0 X 10“^ M. 

For the photochemical inactivation of the “thiazole,” a cylindri- 
cal, fused quartz irradiation cell with plane-parallel faces was 
filled with approximately 5 cc. of a 12.5 X 10'® m solution, buffered 
with KIB2PO4 at pH 4.4, and placed at a distance of 10.5 cm. from 
a low pressure mercury discharge tube (Hanovia Sc-2537), whose 
ultra\dolet emisdon was almost solely the X 2537 A. line. The 
incident intensity of the radiation was measured with a vacuum 
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type thermopile, and the absorbing layer of solution, thickness 
1.0057 cm., was stirred continuously. 

At appropriate intervals during irradiation, a 0.1 cc. sample 
of the solution was withdra\vn from the cell, and its “thiazole” 
concentration determined by a Phycomyces assay based on the 
culture procedure just outlined and on a comparison with the 
control growth curves. For this comparison, the growth for any 
given dose of radiation in the series was computed as a percentage 
of the growth by a non-irradiated control for a concentration of 
0.5 X 10“’' M, made during the same series; a similar calculation 
was made for the control series data plotted in Fig. 2, and the 
comparisons were then made on this percentage basis. This 
procedure seemed justified by the observation that for the con- 
centrations used in the assays, the end-products of irradiation did 
not inhibit the growth of Phycomyces. 

Results 

During ultraviolet irradiation of the 12.5 X 10“® m solution of 
the 4-methyl-5-/3-hydroxyethylthiazole, its absorption spectmm 
undergoes the changes shown in Fig. 1, where the extinction co- 
efficient, K, represents the product of the molecular extinction 
coefficient and the molar concentration. The energy absorbed by 
the active “thiazole” solution for the various time intervals indi- 
cated on the curves is given in joules per cc. at the top of Column 
5 of Table I. A steady decline in the absorption maximum can be 
noted until finally all selective absorption in this wave-length region 
disappears, thus signifying the decomposition of the unsaturated 
thiazole ring structure. But when the extinction coefficients 
for the inactive decomposition products were plotted as a function 
of wave-length for various times of irradiation, it was found that 
they exhibited selective characteristics. This indicates that in- 
activation has resulted also from alterations in essential radicals 
as well as from a breakdown of the ring structure. The best guess 
would seem to be a change in the hydroxyl radical or the entire 
hydroxyethyl group. 

Quantum yields for the inactivation of the essential “thiazole” 
have been calculated from the four different irradiation trials 
summarized in Table I. The dry weight in each case is the average 
for ten culture flasks, with the probable errors as indicated. 
Column 4 represents the average in per cent of the incident energy 
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absorbed by tbe active "tbiazole" during tbe respective irradia- 
tion interv'als, while Columns 5 and 6 give the total energy ab- 
sorbed in joules per cc. for various irradiation times and the quanta 
absorbed per molecule of “thiazole” initially present, respectively. 
The last column shows the quantum yield at 2537 A. as determined 
for each inten^al separately. The average value is seen to be 


Table I 


Quantum Yield Data for “Thiazole” Inactivation 


Expostite 

time 

0) 

Dry weight 
o{ cultures 

(2) 

Pyrimiduie 

inactivated 

(3) 

Average 

energy 

absorbed 

interval 

(4) 

Total energy absorbed 
by active pyrimidine in 

Quantum 

yiUd 

(7) 

Joules 

percc, 

(5> 

Quanta per 
original 
molecule 
(6) 

mtn. 

mj. per fask 

per cent 

percent 




0 

125.4 ±1.9 

00.0 


0.000 

0.00 


10 

77.2 tk l.l 

50.0 

5B.3 

0.079 

1.35 

0.370 

20 

46.0 ±1.0 

72.0 

31.2 

0.125 

2.13 

0.338 

30 

19.5 ± 0.4 

89.0 

17.2 

0.151 

2,57 

0.346 

0 

125.2 1.3 

00.0 


O.OQQ 

0.00 


10 

69.4 ± 1.1 : 

54.2 i 

51.8 

0.083 

1.41 

0.384 

20 ' 

37.3 ^ 0.9 

77.5 ' 

27.5 * 

0.127 

2.16 

0.359 

30 ! 

19.0 0.3 

91.5 ’ 

14.0 ! 

0.149 1 

2.54 

0.360 

0 

125.2 zk 1.3 

00.0 


0,000 

0.00 ! 


11 

65.0 0.7 

57,5 

50.8 ’ 

0.089 i 

1.52 1 

0.378 

20 

44.2 =fc 1.3 

72.4 

28.7 

0.13X 

2.22 

0.326 

30 

20.2 i: 0.4 

; 90.0 

, 16.8 

0.158 

2.68 

0.336 

0 

121.8 1.0 

00.0 


0.000 

0.00 


5 

97.2 rfc 1.1 

28.0 

60.1 

0.048 

0.82 

0.342 

15 

59.7 dt 1.1 

60.0 

42.4 

0.116 

1.96 

0.306 

30 

21.1 i 0.8 

89.5 

21.5 

0.167 

2.84 

0.315 


Average 


0-347 


0.347, 'whicli means that on the average only 1 molecule is in- 
activated for every 3 quanta absorbed. This may be compared 
with the value of 0.0184 obtained earlier (1) for the effect of ultra- 
violet radiation upon the vitamin Bi component containing the 
pyrimidine ring. Thus the 'relative ease with which these two 
thiamine components are broken down in metabolic processes is 
reflected in the relative quantum yields for photochemical in- 
activation. 



86 


Thiazole Component of Vitamin Bi 


The above quantum yield has been calculated on the assumption 
that all the ultraviolet radiation from the low pressure mercury 
discharge tube consists of the single wave-length 2537 A. As 
these tubes are known to radiate a few per cent of their energy at 
X 1849 A., where the quantum yield might conceivably be much 
higher, a check with monochromatic radiation seemed very de- 
sirable, An orientation experiment of this kind was performed 
at X 2537 A. with a water-cooled mercur}’’ arc and monochromator, 
but the same yield value was obtained within the limits of experi- 
mental error. With the yield so nearly unity, this agreement was 
anticipated. 


SUMMAEY 

The photochemical decomposition at X 2537 A. of the “thiazole” 
component (4-methyl-5-/S-hydroxyethyl thiazole) of vitamin Bihas 
been demonstrated by its loss of selective absorption and its in- 
ability to support the growth of Phycomyces cultures. 

The quantum yield for inactivation, when inactivation results 
from changes in side groups as well as from a breakdown of the 
ring structure, has been found to be 0.347. The corresponding 
value previously found for the pyrimidine component Avas 0.0184. 
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THE DEPOSITION OF GLYCOGEN WITH WATER IN THE 
LIVERS OF CATS 

Br W. 0. FENX axd LORRAINE F. HAEGE 

{Frovi the Department of Physiology ^ School of Medicine and Dentistry, 
The University of Rochester j Rochester, New York) 

(Received for publication, May 6, 1940) 

In a report recently published it was showTi that in rats the 
deposition of glycogen in the liver is accompanied such amounts 
of water, potassium, phosphate, and chloride that the concentra- 
tion of each of these substances in the liver remains unchanged, 
while the protein and the acid-insoluble phosphorus become 
diluted to the extent that would be expected if the original absolute 
amounts of these substances remained unchanged by the addition 
of glycogen, water, etc. (Fenn, 1939). This conclusion was not 
inconsistent mth anything in the literature except the experi- 
ments of Kaplan and Chaikoff (1936) who concluded that in dogs 
the gb^ogen was deposited in the liver without measurable 
amounts of water. 

In order to study this problem further another series of measure- 
ments was undertaken with cats in which the liver was anab^zed 
for water, glycogen, protein, total lipid, chloride, and potassium. 
The animals were fasted or fed plentiful!}' vnih carboh3^drate or 
treated with phlorhizin in order to vsLvy the gb'cogen concentration 
as Aridely as possible. The results were analyzed graphicall}" and 
by the method of multiple correlation and were found to confirm 
in principle the results found on rats. The data of Kaplan and 
Chaikoff (1936) were analyzed also by the same methods, and it 
can now be shown that their data also are subject to the same in- 
terpretation, and the reasons why the glycogen appeared to be 
laid dov-m without water have now become clear. 

We are much indebted to Dr. Kaplan and Dr. Chaikoff for 
kindly sending us their complete data and for the courtesy of their 
correspondence on the subject, as a result of which we seem to be 
now in essential agreement. 
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Methods 

The cats used in this investigation were taken at random from 
the animal house and probably had very dissimilar dietary his- 
tories. They were anesthetized with an intraperitoneal injection 
of “dial,” 0.65 cc. per kilo. Small liver samples of approximately 
0.5 gm. were taken in duplicate from the left medial lobe, blotted 
on filter paper to remove as much blood as possible, weighed 
quickly on a torsion balance, and used for the various analyses 
as described below. Blood samples for plasma chloride analyses 
were taken from the carotid artery at the end of the sampling 
procedure which was completed in 8 to 10 minutes. 

Glycogen — Because of the rapid breakdown of liver glycogen, 
livers were routinely sampled first for glimogen. These samples 
were dropped into tared tubes containing hot 40 per cent KOH. 
Analyses were carried out according to the methods of Good, 
iKramer, and Somogyi (1933) and Cori and Cori (1933). 

Chloride — Chlorides were determined according to the method 
described by Maneiy and Hastings (1939). 

Water and Potassium — ^^Vater content was determined directly 
by drying tissue samples in tared weighing bottles to constant 
weight at 95-100°. The dried samples were subsequently ana- 
lyzed for potassium by the Shohl and Bennett (1928) method as 
modified by Fenn and Cobb (1936). 

Protein — Wet tissue samples were, analyzed for total nitrogen bj’’ 
the Kjeldahl procedure and converted to protein b}'- the factor 6.25. 

Total Lipid — A gravimetric method Avas used for determination 
of total liver lipid (cholesterol, cholesterol ester, phospholipid, and 
neutral fat). In principle it was like that described by Kaplan 
and Chaikoff (1935), but was modified by us to make it applicable 
to small amounts of tissue (0.5 to 1.0 gm.). Liver samples (of 
approximately 500 mg.) were weighed on a torsion balance, 
dropped into beakers containing 95 per cent alcohol and sand 
(washed in alcohol and ether), and ground to a pulp. These 
samples were extracted three times Avith hot alcohol and tAvice 
AA'ith ethjd ether, being decanted through a filter previously Avashed 
in alcohol and ether. The alcohol-ether extracts were pooled, 
evaporated to approximately 1 to 2 cc., and further extracted Avith 
six 5 cc. portions of petroleum ether Avhich Avere decanted into 
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tared containers. The gain in weight after the petroleum ether 
had been carefully evaporated off represented the total lipid ex- 
tracted from the tissue. 


Table I 


. 47 ia/f/s^s of Cat Livers after Tarw/s Treaivienls 


Cat 1 
No. 

RTcigbt 

Treatment 

liver 

weight 

Glyco- 

gen 

Protein 

Total 

lipid 

Chloride 

K 

HiO 


kg. 


gm. 

per cent 

per cent 

per cent 

mu per 
kg. 

mu per 
kg. 

per cent 

1 

3.3 

Sugar* 

82.6 

8.25 

16.44 

4.61 

32.08 

80,6 

71.2 

2 

2.8 

Sugar 

74.2 

9.67 

16.70 

5.88 

30.92 

77.2 

68.6 

3 

2.5 


75.2 

8.66 

16.77 


38.62 

81.9 

: 69.6 

4 

3.3 

Normal 

99,3 

' 4.66 

18.85 

6.52 

42.4 

73.9 

|71.4 

5 

2.4 



2.69 

17.44 

13.9 

40.65 

79.4 

i 65.0 

6 

2.1 



I 5.83 

18.51 

14.3 

27.63 

! 72.4 

62.4 

7 

2.8 

i Sugar* 

104,4 

12.70 

12.56 

! 8.59 

34.52 

78.8 

65.3 

S 

2.5 

Fasting 

49.2 

4.05 

19.12 

5.52 

39.9 

80.4 

71.2 

9 

1 3.5 

“ 1 

67. 3 

2.74 

20.32 

5.57 

43.17 

73.1 

71.95 

10 

2.1 


34.4 

3.62 

19.40 

5.66 

36.68 

78.0 

71.88 

11 1 

3.8 

it 

60.3 

2.16 j 

22.40 

5.24 i 

37.8 

77.5 

70.8 

12 

2.6 

Sugar 

60.38 

6.07 

18.26 ' 

4.74 

36.7 

87.5 

71.0 

13 

2.7 

ti 

75.7 

1.75 

20.10 

4.73 ; 

30.88 

92.3 

73.2 

U 

2.9 

ti 

99.7 

9.45 

16.50 

6.91 

32.7 

86.5 

66.05 

15 

3.4 

Sugar* 

98.5 

12.64 

14.34 

5.76 

31.5 

85.0 

66.95 

16 


cc 

60.98 

6.28 

19.36 

5.50 

39.2 

82.9 

69.3 


3.5 

Sugar 

79.99 

9.17 

14.78 

14.33 

33.4 

77.7 

62.8 


3.4 

Fastingt 

83.1 

1.53 

21.54 

7.75 

33.42 

79.3 

70.45 


3.4 

'•t 

65.3 

0.075 

21.35 

6.42 

29.2 

82.3 

72.85 


4.4 

"t 

121.1 

0.125 

21.50 

4-23 

43.6 

77.6 

72.6 


Normal animals were taken from stock. Fasted animals were without 
food but not without water for 2 to 3 days previous to sampling. Animals 
given sugar were previously fasted for 1 to 2 days, except those indicated 
(*), which had their regular diet. Sugar was given where indicated as a 
50 per cent sucrose solution b}' stomach tube, usually 25 ml. at a time. 
This was repeated two to six times at intervals. 

t Three subcutaneous injections of 1.3 cc. each of 1:1000 adrenalin at 3 
hour intervals previous to sampling. 

t Injected subcutaneously with 0.5 gm. of phlorhizin in 5 ml. of olive 
qU on the Ist and 2nd days of a 3 day fast. 

Results 

The results of all our analyses on twenty livers are included in 
Table I. The livers are numbered in the order in which they were 
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analyzed without regard to the variations in the treatment. We 
have included in Table I only the raw data, omitting the in- 
numerable calculations of various sorts which have been made 
from them. There is little that can be made out from a super- 
ficial examination of the figures in Table I except that the glycogen 
does not fall to very low values even during fasting. It was neces- 
sary to resort to repeated injections of adrenalin or injections of 
phlorhizin in order to obtain livers with very low glycogen con- 
tents. Rats, on the other hand, soon consume the carbohydrate 
in their livers almost completely in fasting. 

Calculations — In consideration of our previous results with rats 
and as a result of preliminary graphic analyses of the data it ap- 
peared probable that the water content of the liver depended 
upon the quantities of glycogen, lipid, and protein, the role of the 
lipid being chiefly that of an inert diluent. Therefore for pur- 
poses of analysis it was assumed that the water content of any 
100 gm. of fresh liver was given by the following equation 

IV = fciG -f" fcjZi hzP -|- d (1) 

where W,G,L , and P are the observed contents in water, gbrnogen, 
lipid, and protein respectively, all expressed in gm. per 100 gm. of 
liver. The difference between the observed and the calculated 
water content is d, while &i, fe, and kz are coefficients. The 
mathematical problem is to determine the values of these three 
constants (all the data on the twenty livers analyzed are used) 
which will make the sum of squared differences, smallest; that 
is, to obtain the usual least squares fit of calculated water contents 
to the observed.^ This may be done as follows: 

= [SPF - AiSff - /ciSL - fcjSP]* (2) 

For this sum to be least, its partial derivatives with respect to 
ki, kz, kz must each be equal to 0. 

— = -2[ZWG - kiZG^ ~ k 2 ZGL - ksSGP] = 0 (3) 


^ We are much indebted to Dr. Donald R. Charles of the Department of 
Biology for introducing us to this method and advising us concerning its. 
application. 
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— = -2ISIFL - - fciSL* - fciSPL] = 0 (4) 

dkt 


— = -2[ST7P - ?:i2GP - hXLP - = 0 (5) 

^ki 


From these equations the following was calculated to give the best 
fit to the obsen^ed data for the particular relationship assumed. 

TF = 1.63(7 - 0.19L + 3.35P (6) 

The standard errors of these constants have also been calculated 
according to the method described bj" Whittaker and Robinson 
(1929) with the following results, fci = 1.63 d= 0.303, Jh = 0.19 ilz 
0.375, h = 3.35 ± 0.107. It is e\ddent that the coefficient for lipid 
does not differ significantly from 0, and it is therefore not incon- 
sistent with the data to conclude that lipid is laid down without 
water. For the glycogen, however, there is considerably less than 
one chance in a thousand that glycogen is not deposited with 
water. 

Assuming that the lipid is drj^ and that = 0, the best fit 
to the data is obtained by the equation 

TF = 1.57(7 + 3.29P (7) 

as calculated by the multiple correlation method. These con- 
stants will be used in the graphical presentation of our data in 
order to avoid making an unjustified correction for lipid water. 

Through the courtesy of Dr. Kaplan and Dr. Chaikoff we have 
been proidded with all the figures for protein, lipid, glycogen, and 
water which they obtained on the livers of the thirty-eight dogs of 
their series. W’e have analyzed these data by the method out- 
lined above and arrived at the following equation, 

TT" = 1.46G + O.I20L -f 3.57P (8) 

The standard errors of these constants were found to be = 
1.46 zt 0.209, h = 0.125 i 0.03, and h = 3.57 db 0.107. In this 
case all the constants are significantly different from 0. It is 
reasonable that the constant for lipids should be more reliable 
in these data from dogs than in our cat series because in the former 
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the lipid values varied from 3 to 65 per cent, whereas in the cats 
the extreme variation was only from 6 to 14 per cent. 

From these figures it is evident that the data of Kaplan and 
Chaikoff as originally published were misinterpreted. They are 
in fact entirely consistent with our findings on both cats and rats. 
The reason why a superficial analysis indicated the deposition of 
glycogen without water is probably due to the large amounts of 
lipid which were present. Livers high in fat are in general low in 
glycogen. If even a small amount of rvater is included with the 
fat, the loss of water due to removal of glycogen would be ob- 
scured. 

Grapiical Ri'/presentation — In order to show visually how well 
these equations fit the observed data we present a series of graphs 
from our data on cats and from the data of Kaplan and Chaikoff 
on dogs. In Fig. 1 from our data the water is plotted against the 
glycogen, both being calculated in per cent of the w'eight of lipid- 
free and glycogen-free liver. Under these conditions any \vater 
associated with the glycogen serves to increase the calculated 
water percentage as glycogen increases. If water is proportional 
on^f to the protein, then the water content should be constant and 
the points should fall along the line marked “dry.” Instead they 
fail along the line which represents the theoretical curve given by 
Equation 7, calculated from the method of multiple correlation. 
The two equations from which this “theoretical” line is derived 
are given in Fig. 1. If P is eliminated by combining the first two 
of these equations, we have the last equation which represents the 
“thcorcthal” line of Fig. 1. 

According to the first of the equations in Fig. 1 the weight of the 
lipid-free and glycogen-free liver is considered to be due only to 
water plus protein. Strictly a third term for “undetermined sub- 
stances,” ash, etc., should be included, but in our data the total 
weight of the liver is on the average exactly accounted for by the 
protein, glycogen, lipid, and water, so that the data fit the theory 
equally well without including this small additional term, (If in- 
cluded, it merely shifts the “theoretical” line down 1 per cent if 
the undetermined substances are estimated at 1 per cent, etc.) 
The reason why our total is too high by this small amount pre- 
sumably depends chiefly upon our use of the total nitrogen as a 
measure of the protein. It depends in part also upon our use of 
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Fig. 1. Water and glycogen in per cent of Hpid-frcc und glycogen-frec 
livers. Data from cat livers. 


NON-LiP!D H^O 

PER CENT 



GLYCOGEN * PER CENT 

Fig. 2. Non-lipid water and glycogen in per cent of 100 gni. of liver after 
glycogen, lipid, and lipid water (0.125 gm. of HjO per gm. of lipid) are de- 
ducted. Data of Kaplan and Chaikoff, 
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total reducing substances instead of fermentable reducing sub- 
stances as a measure of glycogen. Neither of these minor correc- 
tions would change the interpretation of the data significantly. 

For comparison with Fig. 1 from our data on cats, Fig. 2 may 
now be presented from the data of Kaplan and Chaikoff on dogs. 
The abscissae and ordinates are the same (as in Fig. 1), but in this 
case the water represents only the non-lipid water and the unit of 
liver taken as 100 per cent represents the total liver minus lipid, 
minus glycogen, and minus lipid water which is estimated as 0.125 
of the weight of the lipid. Undetermined substances are also 
included at an estimated value of 3.3 per cent.® When the lipid 
water is deducted, the remaining water is represented by the 
equation W — 1.46(r 4- 3.57F, as calculated from the multiple 
correlation method. Eliminating P as before, we obtain the 
theoretical equation represented. Again the points fall better 
along the theoretical line than around the line representing dry 
glycogen. 

Next we present Figs. 3 and 4 from our data and from those of 
Kaplan and Chaikoff respectively. Here protein is plotted against 
glycogen, both being calculated in per cent of the weight of liver 
after lipid is deducted (and lipid water). In the case of our data 
it has been assumed that no water was associated with lipid, but 
the fit would not be appreciably different if 0.125 gm. of water per 
gm. of lipid were assumed, as in the case of the data from dogs. 
The addition of glycogen to such a lipid-free liver dilutes the pro- 
tein so that the protein percentage falls as glycogen increases. 
If water is included with the glycogen, the amount of dilution 
for a given amount of glycogen as indicated by the theoretical 
line is greater than it is for dry glycogen. In both graphs the ex- 
perimental points follow the theoretical line rather than the dotted 
line for dry glycogen. The equations involved are given in Figs. 
3 and 4 as before, the last equation in each graph being derived 
from the first two simply by the elimination of W. The last equa- 
tion is the equation to the theoretical line plotted in each figure. 

In Fig. 5 are plotted the potassium contents of the nineteen 
livers against the glycogen. Both are calculated on the basis of 

2 This value was selected to give the best fit to the data, but the average 
value from the data was 2.7 per cent, with a variation from 0.9 to 4.5 per 
cent. 
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Fig. 3. Protein and glycogen in cat livers in per cent of lipid-free liver. 
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Fig. 4. Protein and glycogen in dog livers in per cent of liver weight after 
lipid and lipid water (0.125 gm. of HsO per gm. of lipid) are deducted. 
Data of Kaplan and Chaikofi, 
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the lipid-free liver weight. The points have been fitted by the 
best straight line by the method of least squares and the standard 
error of the regression coefficient has been calculated. The equa- 
tion of the line which results is 

K = 84.8 + (0.248 ± 0.217)(7 (9) 

There are nearly nine chances out of ten that this slight upward 
.slope is real. 



Fig. 5. Showing that potassium accompanies the water which is laid 
down with glycogen in the liver. The solid line is fitted to the points by 
the method of least squares. Both potassium and glycogen are calculated 
on the basis of the lipid-free liver. 

Assuming (1) that 1 gm. of gtycogen is deposited with 1.63 ± 
0.303 gm. of water, (2) that this water is not accompanied by any 
increase in potassium, and (3) that the potassium content ntG - 
0 is 84.8 milliequivalents per kilo, the theoretical relation between 
K and G may readily be calculated. This relation is given by the 
equation 

K = 84.8 - (2.23 ± 0.257)G (10) 

This equation represents the line mai’ked “without potassium” in 
Fig. 5. The difference between the regression coefficients in the 
observed and the theoretical equation is 2.48 ± 0.34, a clearly 
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significant difference. This is also evident from (he graph (Fig. 
5), since the experimental points show no ter.cLncy to decrease as 
the glycogen increases. 

The slight upward slope of the experimcnirl iin-;* in Fig. 5, if 
real, is probabl}" due to the decreasing chloride ^naces of the livers 
with increasing amounts of gljTOgen. A fraction such 

livers is, therefore, intracellular and cont^ir : If the 

pota.ssium is calculated in milliequivaic!*'' * ^ i luio of »*el! water 
and if this is plotted against the glycogen ;»•- of liver 
weight minus chloride space and lipid), ih: concentra- 

tion is practically con etc at If a straig^' t' 'c : '*.'^ed to the 
points, the equation of the line is 

K = 18S 4- (0.257 i 0.71)G (11) 

Since the standard error of the regression coefficient indicates that 
it is not significant!}’ different from 0, it is evident that the con- 
centration of potassium in the cell water remain C'^mstart unthin 
these limits, even though larger amounts v ^ are added with 
glj^cogen. 

If the chloride space® is plotted against the giycogen (Fig. 6) 
(both in per cent of the lipid-free liver), a «trairh* • - -r be fitted 
to the points by the method of least squares, the equation of the 
line being 

Cl space = 31.2 - (0.372 4. ' 7 (12) 

The standard error of the regression coeffioieni indicates that there 
is about one chance in thirty that this in chloride space 

in livers high in glycogen is accidental. In i.- t-vs the chloride 
space shovred no decrease of this sort, ‘ . -Tncludcd that 

some of the water deposited with glycogen was extracellular and 
contained chloride in the same concentrarir-j. m plasma. In 
the cat livers this is not so certain^ pur'l} of greater 

variability in the chloride figures and partir ^ the smaller 

ainounr of water deposited inth glycoc • : ••..mpared to 

rats. Assuming (1) that 1 gm. of gr* •• ^ «' aeiiosited u’ith 

* The chloride space v.*as calculated as (liv-* mi- plasma chloride) 
X 100 X 0.93 (for plasma water) X 0.96 (Dt- *' rif ra^jo). See 

Trua-\ (1939) for evidence that chloride spat.; ..r ’ are 

synonymous in liver. 
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1.63 =h 0.303 gm, of water, (2) that all the water is intracellular 
(without chloride), and (3) that the chloride space is 31.2 per cent 
when (r = 0, the theoretical chloride space (dotted line, Fig. 6) 
at different concentrations of glycogen is given by the equation 

Theoretical chloride space = 31.2 — (0.82 ± 0.095)(? (13) 

The graphs of Equations 12 and 13 are shown in Fig. 6. The 
difference between the experimental points and the theoretical 
line is a measure of the amount of chloride deposited with water 
and glycogen. The difference between the regression coefficients 



Fig. 6. Showing that some chloride accompanies the water laid down 
with glycogen (solid line), when the points are fitted by the method of least 
squares. Both chloride space and glycogen are calculated on the basis of 
the lipid-free liver. 

of the two equations is 0.45 ± 0.22 (standard error). There is, 
therefore, a probability of about 49 to 1 that this difference is real; 
i.e., that some of the water deposited with glycogen is extracellular. 
It is easy to show that the difference means that 0.45 cc. of extra- 
cellular water is deposited with each gm. of glycogen added. 
Since this is only 27 per cent of the total 1.63 cc. of water, while 
41 per cent of the total liver water (when = 0) is extracellular, 
it is evident that the chloride space will be decreased when glycogen 
is deposited. 

From the chloride figures, therefore, it may be calculated that 
with every gm. of glycogen 1.18 ± 0,22 cc. of intracellular water 
are deposited. This water should contain potassium and should 
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sen^e to increase slightlj' the potassium content of the liver, as 
illustrated in Fig. 5. To show how well the chloride and potas- 
sium figures agree in this respect it is possible to start with Fig. 5 
or Equation 9 and calculate how much intracellular water is 
needed to explain the potassium figures, assuming in addition 
(1) that 1 gm. of glycogen is accompanied by 1.63 gm. of total 
water, (2) that the concentration of K in the intracellular water 
is 188 milliequivalents per kilo when G = 0 (Equation 11). This 
calculation gives 1.32 dz 0.18 cc. of intracellular water per gm. 
of glycogen, as compared to 1.18 ± 0.22 cc. from the chloride. 



Fig. 7. The liver weight, in per cent of the bod^^ weight, tends to increase 
with glycogen according to the theory that glycogen plus water is simply 
added to the liver previously present. This theory' is represented by 
the line. The glycogen is expressed in gm. per 100 gm. of fresh weight 
of liver. 

Considering the errors involved, this agreement appears satis- 
factoty. 

In our data from rats it was found that the increase in liver 
weight which accompanied the deposition of glycogen was closely*' 
equal to the increase expected if glycogen plus w’ater was added 
to the liver previously*' present without replacing any part of it. 
In the cats this relation is not so definite, probably^ because of the 
greater variability of the animals. However, the liver weight in 
per cent of the body*' weight does increase with increase in gly^cogen 
content and the correlation coefficient between gtycogen content 
and percentage liver weight is +0.79. If we assume as before 
that 1 gm. of glycogen is laid down with 1.63 gm. of water and 



100 


Glycogen Deposition in Liver 


take 2.1 per cent as the percentage liver weight (L) when G = 0, 
the following equation maj”^ be derived, giving the theoretical 
relation between L and G,L — 211/(100 — 2,63(?). 

The graph of this equation is plotted in Fig. 7 together with the 
experimental points from Table I. The scatter is large, but there 
seems to be no S 3 ^stematic deviation from the theoretical cuive. 
It must be concluded, therefore, that the cat livers on the average 
probably increase in weight in proportion to the added glycogen 
and water without necessary losses of other substances. 

DISCUSSION 

In tills paper we have presented a formula from wMch the 
water content of a cat liver can be calculated if the protein, lipid, 
and glycogen contents are known. Such a formula is, of course, 
onl}'^ an approximation and considers onlj'’ the three factors ivhich 
seem to be the most important. Of these the lipid is important 
chie% because it is large in amount and inert and ''dilutes” the 
other constituents. Other substances such as electroljdes bear a 
definite relation to the amount of water present, but it may be 
supposed that their presence is the secondary result of the amount 
of water present, although this, of course, is not certain. 

The main point which seems to be finally settled b 3 '’ these anal- 
yses is that glycogen is definitely associated with appreciable 
amounts of water when it is laid down in the liver. Presumably 
this applies also to the deposition of gh’^cogen in muscles. It is 
not possible to state a universal figure for the amounts of water 
involved. The figures which have been found per gm. of gb'-cogen 
are 2.33 cc. in the rat, 1.63 ± 0.303 in the cat, and 1.46 ± 0.209 
in the dog. 

Apparently from the data of ICaplan and Chaikoff small amounts 
of water are also associated with the deposition of lipid. This 
presumabb'^ does not apply to all the various fractions of the total 
lipid, but there is at present no way of discriminating between 
them in this respect. 


SUMMARY 

The livers of twent 3 ’’ eats were anab'-zed for protein (P), gbmogen 
(G), total lipid (L), water (IF), chloride, and potassium. The 
data were analyzed by the method of multiple correlation, assuming 
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an equation of the type W = kiG + k^L + kzP, The results 
show that the water content of the liver is best accounted for if 1 
gm. of gl3XOgen is deposited with 1,63 db 0,303 gm, of water, 1 
gm. of protein with 3.35 zk 0.107 gm. of water, and lipid without 
significant amounts of water. 

A similar anal^’sis of data pre\ioush' published b}’ Kaplan and 
Chaikoff gave a similar result, indicating the deposition of 1 gm. 
of gljTOgen with 1.46 db 0.209 gm. of winter, 1 gm, of protein with 
3.58 i 0.107 gm. of water, and 1 gm. of lipid with 0.125 =b 0.03 
gm. of water. 

Of the 1.63 cc. of water which accompany the glj'cogen 0.45 =b 
0.22 cc. is accompanied b\^ chloride and is therefore probably 
extracellular. The remainder is accompanied b}* appropriate 
amoimts of potassium, for the concentration of potassium in the 
cell w'ater is not diminished hy the increase in gl^^cogen. As a 
result of this distribution of water between cells and interspaces 
the deposition of glj'cogen is accompanied hy an appropriate small 
decrease in the chloride content and a corresponding increase in 
potassium content of the w'hole liver. The total liver weight 
increases as its glycogen content increases, as if water and gb'co- 
gen had been added to what was there preWousty \rithout replacing 
an}^ other constituents. 
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PURIFICATION OF PROTHROMBIN AND THROMBIN: 

CHEMICAL PROPERTIES OF PURIFIED 
PREPARATIONS^ 
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(FTom (he Department of Pathology t Stale University of Iov:af Iowa City) 

(Received for publication, July 11, 1940) 

We wish to describe certain simplifications in the technique 
previously described (13, 14) for the purification of prothrombin 
and thrombin. With new adaptations it is possible to process 
large quantities of plasma and at the same time to obtain products 
2 to 5 times as potent as those previously reported from this 
laboratory. A brief surv^ey of the chemical properties of these 
newly obtained products is also given. 

Preparation of Prothrombin 

Beef plasma is diluted 10-fold with water and brought to pH 
5,3 with 1 per cent acetic acid. The precipitate is redissolved 
and Mg(OH )2 suspension is added. In our original technique 
(14) the prothrombin adsorbed on the Mg(OH)i was set free with 
CO 2 at atmospheric pressure. Improvement is achieved by using 
CO 2 at 4 to 6 atmospheres (by shaking in a metal chamber, with 
8 to 10 volumes of water to 1 volume of Mg(OH)j paste). Fol- 
lowing this elution, the CO 2 is allowed to escape, and variable 
amounts of magnesium carbonate settle out. As pre\dousl 3 % the 
dissolved salts are then removed by dialysis. The use of increased 
pressure reduces the working volumes at least 90 per cent, and 
this simplifies enormously the procedure of dialysis. 

A second improvement is the isoelectric fractionation of the 
dialyzed prothrombin-containing eluate; this is accomplished in 
two steps (at pH 5.6 and at 5,3). The first fraction (pH 5.6) 

* Aided by a grant from the John and Mary R. Markle Foundation. 
Additional assistance was supplied by the Graduate College, State Uni- 
versity of Iowa. 
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usualljf contains mainly inert protein, whereas the second fraction 
(pH 5.3) contains much prothrombin of high potenc 3 ^ The latter 
is particularlj’' potent if small amounts of Mg(OH )2 are used in 
the adsorption process. If, however, a large excess of Mg(0H)j is 
used, there will be marked adsorption of inert protein, most of 
which will then appear in the first isoelectric precipitate. This 
voluminous precipitate carries the prothrombin with it, and thus 
defeats the objective of the fractionation. In order to obtain a 
combination of good yield and high purity, one should emploj’ 
intermediate quantities of Mg(OH) 2 . As an example, 100 cc. 
of crude prothrombin solution, containing 400 units (17) per cc., 
should be treated vdth approximately 15 cc. of 8 per cent Mg(OH )2 
suspension. 

Preparation of Thrombin 

The conversion of prothrombin into thrombin is carried out in a 
solution of 0.9 per cent NaCl containing 0.15 per cent Ca(N03)2. 
The coneentration of prothrombin can be allowed to vaiy within 
wide limits, but as a rule the final mixture is made up to contain 
2000 to 7000 units of prothrombin per cc. 

Thromboplastin, derived from lung, is consumed, apparently 
in stoichiometric quantities (9) during the formation of thrombin. 
We make it a practice to use a slight excess over the quantity 
theoreticallj’' required. The thromboplastin used is especially 
purified (8) to remove traces of antithrombin which are present 
in crude organ extracts. The pH of the reaction mixture is ad- 
justed to approximatelj’- 7.3. It is advisable to add small amounts 
of imidazole buffer (7). 

In such a mixture thrombin formation proceeds rapidly, but 
usualb' an hour is allowed for the reaction to come to completion. 
In order to eliminate electrolytes and to denature some of the 
protein impurities, the thrombin preparation is now precipitated 
with acetone, dried with acetone and ether, and then redissolved 
in water. An clectrotyte-free solution can also be obtained bj"^ 
electrodialysis, without the use of acetone. In either case the 
aqueous solution is brought to pH 5.3 to 5.0 with acetic acid. The 
precipitate obtained contains inert protein, together with some 
thrombin carried down by adsorption and coprecipitation. Most 
of the thrombin, in highly purified form, still remains in solution, 
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for, unlike prothrombin, thrombin is highly soluble at this pH 
(see below). The thrombin can be obtained in dried form by 
acetone precipitation, or by distillmg off the water at or below room 
temperature. 

With these improvements in technique the potency is usually 
300 units per mg. for prothrombin, and 600 units per mg. for 
thrombin. The most potent products, 520 and 950 units respec- 
tively, are 2 to 5 times as potent as the best previously' reported 
from this laboratory (13, 14). The potency' of the thrombin is 
such that less than 0.006 7 will eventually clot 0.3 cc, of purified 
fibrinogen solution; and 0.2 7 can be measured conveniently' and 
precisely’ by' our assay technique (17). Normal human plasma 
contains about 325 units of prothrombin per cc.; hence, its poten- 
tial thrombin content is less than 37 mg. per 100 cc. 

Recently Astrup and Darling (1) have reported work on the 
purification of thrombin. Their method is similar to our original 
procedure, except for the omission of the adsorption by' Mg(OH) 2 . 
These workers report having obtained material u’ith a potency' of 
10 Mellanby units per mg. 1 Mellanby' unit causes clotting of 
1 cc. of oxalated plasma in 30 seconds, whereas 1 of our units clots 
1 cc. of purified fibrinogen solution in 15 seconds. The inhibiting 
action of oxalate and plasma anti thrombin compensates almost 
e-\actly for the difference in the two clotting intervals. The 
two units are, therefore, almost equivalent, and we conclude that 
Astrup and Darling^s thrombin was only’ slightly' more than 1 per 
cent as potent as our 950 unit preparations. 

Properties of Prolhro?7ibin and Thrombin 

Soliibilihj — At pH 7.0, prothrombin and thrombin are highly 
soluble, both in water and in 0.9 per cent NaCl. It is possible 
to prepare viscous solutions containing 60 per cent or more of the 
product in question. It is of interest that in aqueous solutions, 
low concentrations of a variety of salts, including those of Ba, 
Ca, Sr, and A1 (approximately 0.005 >m) cause precipitation of 
prothrombin, but not of thrombin. If the concentration of the 
salt is increased approximately' 5-fold, the prothrombin precipitate 
redissolves. 

an aqueous solution of prothrombin was acidified with 
acetic acid, a precipitate appeared at pH 5.6 (Fig. 1). At pH 3.9 
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the precipitate went completely into solution. In the case of 
thrombin the precipitation range was pH 5.1 to 3,4. These data 
give presumptive evidence that the isoelectric point of thrombin 
is somewhat lower than that of prothrombin. 

These same solutions were studied bj'' titration technique to 
determine how much prothrombin and thrombin actually remained 
in solution at each pH. Prothrombin activity cannot be followed 



Fig. 1. The solubility of purified prothrombin and of purified thrombin 
at different pH levels. 

Fig. 2. The inactivation of prothrombin and thrombin with acid and 
with alkali. 

below pH 4.7 because of inactivation. However, it is evident 
from the two curves of Fig. 1 that at their respective points of 
minimum solubility thrombin is much more soluble than pro- 
thrombin. This difference in solubility is a fortunate circum- 
stance, because prothrombin is always accompanied by inert 
prothrombin-like materials; and, when thrombin is formed, the 
alteration in solubility and in isoelectric point enables one to 
eliminate much of this inert material. 

Inactivation with Acid and Alkali — Fig. 2 shows the effect of 
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allowing acid and alkali to act for 30 minutes on saline solutions 
of prothrombin and thrombin. In the case of thrombin, inactiva- 
tion began at pH 4.1. At pH 3.5 the inactivation is irreversible 
but in the range pH 3.5 to 4.1 it is reversible. This can be shovm 
by allo^^’ing the activity to regenerate for several hours at pH 7. 
For example, a solution allowed to stand 30 minutes at pH 3.55 
possessed 55 per cent of its original acti\'ity the moment it was 
neutralized. This rose to the 70 per cent level within 2 hours, and 
to 95 per cent in 4 hours. 

In the case of prothrombin, sensiti\dty to acid is even more 
marked. Fig, 2 shows that inactivation begins at pH 4.8, and is 
complete at about 3.5. The problem of reversibility has not been 
studied as thoroughly as in the case of thrombin. It is of interest 
that both prothrombin and thrombin are inactivated just on the 
acid side of their presumptive isoelectric points. 

Both prothrombin and thrombin show some inactivation be 3 "ond 
pH 10, and both show marked inactivation be^'ond the range of 
pH 11. Fortunate^ the Mg{OH )2 used as adsorbent in preparing 
prothrombin has a pH slightly" below the beginning of the in- 
activation zone. 

Inadivation by Heating — Heat inactivation studies were made 
hy subjecting aqueous solutions of prothrombin and of thrombin, 
at pH 7.2, to %-arious temperatures for 30 minutes (Fig. 3). The 
solutions were then cooled and the thrombin titrated at once 
(Cur\"e A). The prothrombin solutions were mixed with optimal 
quantities of calcium and vnth an excess of thromboplastin. The 
amount of prothrombin present could then be plotted in terms 
of thrombin developed (Cur\"e B). Cur^^es A and B show that 
there was some inactivation of both prothrombin and thrombin 
at 40^, and at 60® the inactivation was almost complete. 

Efforts to restore the activity of the prothrombin were unsuc- 
cessful when the product had been heated to 60® or more; but in 
the range of 40-60® some additional activity could be regenerated 
b 3 ’‘ allowing the heated prothrombin to react with calcium and 
thromboplastin for 30 minutes instead of the usual 10 (see Cur\^e 
C). Within the zone of 40-60® part or all of the prothrombin is 
evidently made more sluggish in its reactmty to calcium and 
thromboplastin. These results correspond rather well with ones 
reported hy Mellanby' (5). His inactivation temperatures were 
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higher, because in his experiments the solutions were allowed to 
stand for only 5 minutes at the various temperatures. 

Dialysis — Neither prothrombin nor thrombin dialyzes through 
the cellulose acetate membranes which we use (Visking casiags). 
If thrombin solution (1000 units per cc.) is placed on one side of 
the membrane and })lasma on the other, the latter does not clot 



INACTIVATION TEMPERATURE (30 MIN.) 

Fig. 3. Approximately 50 unit saline solutions were heated for 30 
minutes. One series of prothrombin solutions was allowed to react with 
optimal quantities of calcium and an excess of thromboplastin for 10 
minutes (Curve B), and the other series for 30 minutes (Curve C). With 
the concentration of thromboplastin used, 10 minutes arc sufficient for the 
complete conversion of unheated prothrombin into thrombin. 

within 2 hours. This differs from the results of Mellanby (6), and 
the discrepancy between his work and ours is probablj^ due to the 
difference in the quality of the membranes used. 

We have undertaken to increase the sensitivity of this test 
bj'- replacing the oxalated plasma with anti thrombin-free fibrinogen 
solution. Nevertheless, no clot formed in 2 hours. It was pos- 
sible to show that a solid clot would have formed if 0.01 per cent 
of the thrombin had passed through the membrane. The failure 




W. H. Seegers 


109 


of the thrombin to diffuse shows that it is a large molecule, and the 
analysis reported below indicates that it is a carbohydrate-contain- 
ing protein. 

Chemical Analysis — Elementary analysis, perfonned by Dr. 
Carl Tiedcke of New York, showed that the per cent composition 
of the thrombin product was N 13.23 (Dumas), C 46.37, H 7.35, 
and ash 3.98. The prothrombin contained N 14.03, C 48.53, 
H 7.31, and ash 2.03. Sulfur was present in both, but no quanti- 
tative determinations were made. 


Table I 

Relative Carbohydrate Content of Some Prothrombin and Thrombin 

Preparaiions 


Preparation 

Activity per mg, N 

Carbohydrate content* 


unifr 

per cent 

Prothrombin 147 

1100 

3.8 

Thrombin 147 

4700 

5.2 

Prothrombin 77 

19S2 

4.7 

Thrombin 77 

4600 

5.1 

Prothrombin 155 

3620 

4.3 

Thrombin 155 

3210 

6.2 


* Carbohydrate was estimated by the method of Tillmans and Phillipi 
(16) as modified by Sdrensen and Haugaard (15). The standard was com- 
posed of equal quantities of galactose and mannose, and comparisons were 
made in a colorimeter (12). Glucosamine does not give the color reaction. 
For that reason these figures mixy be as much as 35 per cent too low. 

The carbohj’drate content of the preparations is rather high 
(Table I), and this helps to account for the fact that the nitrogen 
content is somewhat lower than for most proteins. 

As stated above, when prothrombin is com^erted into thrombin, 
there are certain changes in solubility and in apparent isoelectric 
points which permit one to eliminate certain impurities from the 
t^ombin preparation. The carbohj^'drate content of the throm- 
bin preparation is thereby increased, indicating that it is associated 
with the active principle rather than with the impurities. Any 
remote possibility that the thrombin might be simply a carbo- 
hydrate, and the protein present as an impurity, would seem to be 
minimized by the fact that the actmty of our thrombin and 
prothrombin preparations is readily destro\'ed b}' dilute solutions 
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Purified Prothrombin and Thrombin 


of HNO 2 , at pH 5.5. This evidence would appear to indicate 
that the activity of the thrombin is dependent upon the integrity 
of a-amino groups. 

Fibrinolysis — A number of workers (2-4, 10, 11) have reported 
the fact that their thrombin preparations not only cause clotting 
of fibrinogen, but that eventually they even dissolve the fibrin 
itself. We have made observations with fibrinogen prepared in a 
variety of ways, and have found that our purified thrombin prepa- 
rations give no evidence of fibrinolytic activity over a period of 
many hours. It would seem likely that the fibrinolytic enzyihe 
is a distinct substance which can be eliminated during the process 
of purification. 


SUMMAKY 

Prothrombin possessing 300 units of activity per mg. of dry 
weight and thrombin of 600 units of activity per mg. of dry weight 
can be obtained routinely by the technique described. Products 
possessing as much as 520 and 950 units per mg. respectively have 
been obtained. 

Evidence indicates that prothrombin and thrombin are carbo- 
hydrate-containing proteins. 

Low concentrations of a variety of salts cause precipitation of 
prothrombin but not of thrombin. 

In aqueous solutions prothrombin is relatively insoluble in the 
neighborhood of pH 4.9. In the case of thrombin the point of 
minimum solubility is near pH 4.3. When compared at their 
respective points of minimum solubility, thrombin is much more 
soluble than prothrombin. 

Thrombin, in saline solution, is permanently inactivated by 
acid at pH 3.5, and reversibly inactivated in the zone pH 3.5 to 
4.1. In the case of prothrombin, inactivation begins at pH 4.8, 
and is complete at pH 3.5. 

On addition of alkali, inactivation of both prothrombin and 
thrombin begins at pH 10 and is quite marked above pH 11. 

In aqueous solutions prothrombin and thrombin show partial 
inactivation after being heated for 30 minutes at 40°. At 60° 
inactivation is virtually complete. 

Nitrous acid destroys the activity of both prothrombin and 
thrombin. 
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Our purified thrombin preparations do not show the phenom- 
enon of fibrinolysis. 
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A NEW DIETARY ESSENTIAL EOR THE MOUSE 
By D. W. WOOLLEY 

(From the Hospital of The Rockefeller Inslitulc for Medical Research^ 

New York) 

(Received for publication, July 8, 1940) 

Our knowledge of the \dtaniin B complex has been obtained 
largely by experimentation on the rat and the chick. The use of 
the dog to demonstrate the essentiality of nicotinic acid and the 
fact that the \dtamin action of pantothenic acid was discovered 
through the use of the chick have serv^ed to emphasize the im- 
portance of emplo3’ing various species in the stud^^ of wator-soluble 
vitamins. It is surprising that the mouse has not been widely 
used for such studies. The rapid growth rate and small food con- 
sumption of this species are decided advantages when a basal 
ration composed entirely of pure chemicals is used. Furthermore, 
the extensive use of the mouse in numerous types of biological 
experiments makes an exact insight into its nutritive requirements 
desirable. 

In this paper a dietarj^ essential for the mouse which is necessary 
for the maintenance of the hair will be described. This factor 
was discovered during an attempt to show that the mouse requires 
the additional filtrate factor needed b}^ the rat. Woolley" ( 1 ) 
has shoum with rats that folloudng the disappearance of the re- 
sponse to additions of pantothenic acid a further gain in weight 
IS produced hy certain concentrates. When mice were used in 
sunilar experiments, it was observ'ed that man3" of the animals 
became hairless. Grou'th of hair could be restored b3" suitable 
dietar3" supplements. 

EXPERIMENTAL 

Basal Ration and Assay Technique — ^The mixture of substances^ 
described by Woolley ( 1 ) was supplemented with 1 mg. of S3m- 

^ Vitamin B« was kindly supplied b 3 ’ Merck and Compan 3 ^, Inc. 
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the tic sodium pantothenate (2). In order to minimize deteriora- 
tion the ration was used within 1 week from the time of mixing. 
It was supplied ad libitum to weanling male white mice of the 
Rockefeller Institute strain. These animals weighed 9 to 12 
gm. at the start of an experiment. They were kept in individual 
glass jars with screen bottoms. Each animal was weighed twice 
weekly. After about 4 weeks on this ration growth had ceased 
and soon many of the animals had become hairless. However, 
several water-soluble vitamins were probably absent from the diet. 

Gm. 



Fig. 1. Typical responses of mice. These two curves represent in- 
dividual animals in groups started at different times, a, added yeast 
extract; b, marked loss of hair; c, added alcohol-insoluble fraction of liver 
extract; d, hair restored; e, added p-aminobenzoic acid;/, dead, no restora- 
tion of hair. 

Preliminary assays revealed that yeast extract was a poor source 
of the factor curative of alopecia. Therefore this material was 
used to fortify the ration with some of the unknown vitamins and 
thus to reduce the possibility of studying a multiple deficiency. 
When growth had ceased (usually about 4 weeks from the be- 
ginning of the experiment), 2 per cent of yeast extract (Difco) 
was incorporated in the ration. Growth was resumed for a time 
but soon 50 to 60 per cent of the animals ceased to gain and dis- 
played the symptoms described below. Typical growth curves 
obtained with animals on the above regimen are shown in Fig. 1* 
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During the past 7 months, 55 animals have been studied under 
these conditions. 

Description of Symptoms — As the growth response to the addi- 
tion of yeast extract diminished, the animals assumed an untidy 
appearance. Abruptly, the hair on the entire body vdth the 
exception of the head, tail, and occasionally the legs, fell out, 
leavdng the trunk naked. As the disease progressed, the denuded 
area became scal}^ and then quite red. Soon sores appeared. 
The sore, red, denuded area stood in sharp contrast to the hairj" 
white head and tail. Usuall}' a tuft of hair remained at the base 
of the tail. The line of demarkation between the hain" head and 
the hairless body was usually quito sharp. Unless an active 
concentrate was given, the mice died in 2 to 3 weeks from the 
onset of S3Tnptoms. If an active preparation was given, a normal 
appearance was presented in 3 days to 1 week. Those substances 
which did not cause the gro\si:h of hair within 10 da^'S were con- 
sidered inactive. 

A small percentage (10 to 20 per cent) of the animals showed 
eridences of nervmus involvement. A few daj-s prior to the loss 
of hair, an affected mouse appeared hj’perirritable and ran around 
the cage furiously. Soon muscular incoordination was seen, 
which evidenced itself b^’- erratic movements of hind quarters from 
side to side. Fin all}' complete paral 3 'sis of the hind legs resulted. 
(It is interesting to note that alopecia first appeared over the hind 
quarters.) The muscular disorders were apparently not due to 
lack of the same factor which prevented loss of hair. It was possi- 
ble to cure the incoordination, and even to restore paralj'zed 
limbs to normal function by feeding a norit eluate of the alcohol- 
soluble fraction of liver extract.^ This eluate, however, failed to 
cause the growth of hair. 

Gain in weight has alwa^’^s accompanied restoration of hair with 
any concentrate thus far tested. However, gain in weight has 
sometimes been obser\’’ed with fractions which do not cause groniih 
of hair. For this reason, cure of the symptoms has been used in 
our work in preference to growth to indicate activity of materials 
tested. When a fraction appeared to be inactive, the abilit}' of the 

* This and other liver extracts used in this work were kindly supplied by 
Dr. David Klein of The Wilson Laboratories. 
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animals to respond was always tested by administration of an 
active concentrate. 

Sources and Properties of the Pacior — ^Yeast extract and rice 
bran extract (Vitab)® were inactive when fed as 2 per cent of the 
ration. The 95 per cent alcohol-soluble portion of aqueous liver 
extract was inactive, except in one instance, when fed as 2 per 
cent of the ration. However, this material contained some 
of the active substance, for its use at a 2 per cent level in a pro- 
phylactic experiment prevented the loss of hair, and higher levels 
have been successful in the usual curative tests. The most 
active source found was the fraction of aqueous liver extract, 
which was insoluble in 70 per cent alcohol and which had been 
rendered completely water-soluble by mild enzymatic treatment. 
2 per cent of this substance was quite effective (Fig. 1). A 
similar amount of this fraction was entircl}’’ inactive in promoting 
growth of rats as determined by the method of Woolley (1). 
Thus it was found that active fractions for the growth of the rat 
were relatively inactive for the cure of the alopecia in the mouse, 
and that active mouse fractions were inactive in the rat. These 
facts indicated that our factor was distinct from the rat growth 
factors. 

The active substance was not readily adsorbed on norit. For 
example, when 50 gm. of the active liver fraction in 500 cc. of water 
were stirred with 100 gm. of norit A (Pfanstiehl) it was found that 
the filtrate was-as active as the starting material. It was observed 
that the active principle was not dialyzable. 100 gm. of the liver 
fraction in 500 cc. of water were placed in a cellophane tube and 
dialyzed against running water for 18 hours. No loss of activity 
was detected in the non-dialyzable portion. It seems probable 
that the vitamin was non-dialyzable owing to combination with 
some large molecule, for preliminary tests have indicated that, 
after the liver fraction had been treated with barium hydroxide 
and then mth lead acetate, the active ingredient was readily 
dialyzable. 

A number of materials of biochemical importance have been 
assayed. A highly potent biotin concentrate made by the method 
of Woolley et al. (3) was inactive when fed at 10 mg. per 100 gm. 

’Kindly supplied by Mr. Henry Smith of the Galen Company, Inc. 
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of ration. p-Aminobenzoic acid (4) (2 mg. per 100 gm.) was 
likewise ineffective. The ether extract of the alcohol-soluble 
portion of liver extract Avhen fed at a level equivalent to 4 per 
cent of liver extract was inactive; this material is a good source 
of the anti-gray hair factor (5, 6). 

DISCUSSION 

The available evidence indicates that the mouse requires a 
hitherto undescribed \'itainin for normal growth and maintenance 
of hair. So many \dtamins or growth factors have been described 
that it now' has become a major problem merely to demonstrate 
that a newly discovered syndrome is not due to lack of a vitamin 
which has already been described. This is particular^ true, 
since many of the new^er factors have not been obtained in a state 
approaching purit}'. Those vitamins available in crystalline 
form have been included in our basal ration. Good sources of 
the unknowm rat growth factors w'ere poor sources of our mouse 
factor and vice versa. The involvement of the hair suggested the 
anti-gray hair factor, but, since an ether extract of liver extract 
is a good source of this substance, and was ineffective in the cure 
of alopecia of the mouse, the identity of the two factors seems 
improbable. The fact that the ^dtamin existed in liver extract 
in combination with a large molecule suggested biotin, but direct 
test of biotin concentrates show'ed that this growth factor w’as not 
effective. Demonstration of relationship to the recently de- 
scribed factors for the chick (7-9) must aw'ait purification of these 
substances. 

A simple or descriptive name for this new' factor is desirable, 
and it is proposed that it be called the mouse antialopecia factor. 

SUMMARY 

AVhen fed a ration of sucrose, purified casein, salts, cod liver oU, 
com oil, yeast extract, thiamine, riboflavin, vitamin Bg, nicotinic 
acid, pantothenic acid, choline, and /3-alanine, yoimg mice soon 
cease to grow, and become completely hairless over the trunk. 
Hair may be restored by feeding certain fractions of liver extract. 
The active substance in these fractions is relatively insoluble in 
alcohol and is non-dialyzable. It has not been identified with any 
previously described vitamin. 
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THE SULFUR DISTRIBUTION IN TOBACCO MOSAIC 
VIRUS PROTEIN 

By a. frank ROSS 

(Ftotti the Deparlment of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Researchy Princetony Hew Jersey) 

(Received for publication, June 28, 1940) 

The specific properties of many biologicallj^ active proteins 
appear to be dependent upon the presence of sulfh 3 "dr 3 d groups or 
of disulfide linkages. The phy-siological effect of insulin depends 
upon the integrity of the latter structure (1, 2), and according 
to Bersin (3) the disulfide state is also the active one in certain 
phosphatases, the /S-fructosidases, )3-glucosidase, and amjdase. 
Free sulfhydrjd groups may be essential for the activity of urease 
papain (5, 6), cerebrosidase (7), lipases (8), and several 
dehydrogenases (8-11). Sealock and du Vigneaud (12) have 
shown that the activitj’' of the pressor and ox^^tocic principles of 
the posterior pituitary" gland depends upon the presence of sulf- 
hj'dr}’! or potential sulfhj^dr^d groups. Because of the importance 
of sulfur in certain proteins and the fact that tobacco mosaic 
rims contains sulfur (13-15), the nature of its distribution in the 
nms protein has been investigated preliminary to a stud}^ of the 
role which this element may plaj’’ in virus actirity. 

It has preriousl}’' been reported from this laboratory that ultra- 
centrifugall}" isolated tobacco mosaic virus contains 0.24 per cent 
sulfur and that the element is not removed bj’^ dialj'sis at pH 
9.4 (15). About 60 per cent of the sulfur was accounted for as 
C3"steine or cystine and smaller amounts as methionine and sulfate 
sulfur. It is the purpose of the present paper to report a more 
extensive investigation in which it was demonstrated that the 
content of cj'steine plus cj'stine sulfur in the rirus is somewhat 
larger than that previouslj' reported and that it accounts for 
practicall}’’ all of the sulfur. It was also found that the protein 
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contains little or no methionine, that all of the sulfate sulfur can 
be removed, and that the total sulfur content of dialyzed protein 
is approximately 0.20 per cent. There is reason to believe that 
this sulfur actually occurs in the form of cysteine (16). 

EXPERIMENTAL 

Preparation of Samples 

A chemically isolated sample of tobacco mosaic virus was pre- 
pared in several batches from field-grown diseased Turkish tobacco 
plants {Nicotiana tabacum, L.) by use of the isolation procedure 
of Stanley (17) with trypsin treatment as recommended by Baw- 
den and Pirie (18). The virus was precipitated from the filtered 
dilute disodium phosphate extract of frozen macerated plants 
with ammonium sulfate. The precipitate was collected on a celite 
(Standard) filter pad, dissolved in 0.1 m phosphate buffer at 
pH 7, and reprecipitated. This procedure was repeated four or 
five times, after which the protein solution was adjusted to pH 7.5, 
0.02 per cent pancreatin was ajdded, and the solution incubated 
at 38° under toluene for 48 to 72 hours. After two additional 
precipitations with ammonium sulfate, the protein was precipi- 
tated at its isoelectric point by the cautious addition of glacial 
acetic acid. The precipitate was collected on a celite filter pad 
and the protein dissolved by suspending the filter cake in water 
and adding 2 n NaOH dropwise with rapid stirring until the reac- 
tion was pH 6.5 to 7. The celite was filtered off and then reex- 
tracted three or four times with small amounts of water at about 
pH 7. The protein solution and extracts were combined, filtered 
through paper, and then dial 3 ’-zed until tests showed that less than 
0.1 per cent of the total N was ammonia N. The dialyzed solu- 
tion was concentrated in vacuo in an all-glass apparatus (inside 
temperature 24°) to a thick viscous solution and then frozen and 
dried in vacuo. All operations, except incubation, dialysis, and 
concentration, were carried out at 5°. 

The ultracentrifugally isolated samples were obtained from 
plants grown in a greenhouse as well as from field-grown plants. 
The virus was isolated from the filtered extracts from diseased 
plants by alternate high and low speed centrifugation at 5° (19). 
The pellets obtained from the fourth ultracentrifugation were 
transferred to the drying apparatus, frozen, and then dried. The 
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ultracentrifuged samples \Yere perfectly white, while the chemically 
isolated sample was a ver}' light gray. 

Some of the dried samples were extracted with petroleum ether 
in an all-glass Soxhlet extractor for 24 hours. Certain of the 
samples obtained by ultracentrifugation were dialyzed pre%ious 
to drjdng in a Kunitz-Simms rocking type dia^sis apparatus (20) 
against flowing distilled water or against a 0.001 m phosphate- 
citrate-HCl buffer at pH 3 at room temperature. The nucleic 
acid-frec sample was prepared by treating the virus at 0° vdth 
5 per cent NaOH for 1 minute (21). The protein component was 
precipitated b}’ adding acetic acid until the solution was acid to 
litmus. The precipitate was removed b^" centrifugation, then 
washed vith water, and dried. The nucleic acid was precipitated 
by the addition of an equal volume of alcohol to the supernatant 
liquid from the protein precipitate after the solution was acidified 
to Congo red vdth HCl. The nucleic acid was removed by cen- 
trifugation, washed with alcohol, and dried at 110° in vacuo 
over P2O5. 


Moisture Determinations 

Samples dried to constant weight in an oven at 1 10° or in vacuo 
over PsOs at 37° decreased in weight onl}^ slightly upon further 
dr3dng in vacuo over P2O5 at 110°. Therefore, samples were dried 
in an oven at 1 10° unless otherwise stated. 

Total Sulfur Determinations 

Total sulfur was determined by the Pregl method by the Arling- 
ton Laboratories at Arlington, Virginia. On the basis of analyses 
on knovTi materials, the analyses reported are regarded as being 
accurate to within 0.03 per cent; z.c., a sample reported as con- 
taining 0.24 per cent sulfur contains not less than 0.21 per cent 
and not more than 0.27 per cent sulfur. Determinations by means 
of a Parr bomb were made b^^ Dr. A. Elek on two of the samples, 
through the courtesj^ of Dr. P. A. Levene. The results agreed 
nith those obtained hy the Pregl procedure. 

Colorimetric Cystine Determinations 

Hydrolysis — Samples of dried protein or of protein of known 
moisture content weighing 300 to 600 mg. were hydrolyzed by 
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heating at 130° with 6 n HCl or at 110-120° with the HCI-HCOOH 
mixture recommended by Miller and du Vigneaud (22), The 
hydrolysates were evaporated to a thick gum under a strong cur- 
rent of air and were then dissolved in water. 

Humin Formation — Considerable amounts of humin formed in 
both types of hydrolysates. Some of the samples were decolorized 
by boiling with norit. The norit was filtered off, washed with 
hot 0.2 N HCl, and the filtrate and washings diluted to 10 or 
25 cc. Other hydrolysates were adjusted to approximately pH 5 
with NaOH and the humin removed by centrifugation and then 
washed with hot water. Aliquots of the decolorized hydrolysates 
were used for cystine determinations by the Sullivan method (23) 
and by the Folin-Marenzi procedure (24) or Lugg’s modification 
of the latter (25). The hydrob'^sates did not give a nitroprusside 
test; hence the procedures recommended for cystine alone 
were used. 

Methods — ^The Sullivan method as employed by Miller and 
du Vigneaud (22) was used, with aliquots containing from 0.25 
to 0.40 mg. of cystine. A green filter (Wratten No. 58) was 
used in the colorimetric measurements. 

Application of the Folin-Marenzi procedure gave results that 
were quite variable and approximatel}'’ double those obtained by 
the Sullivan method and often exceeded the amount of sulfur 
present. Lugg’s modification of this method, which introduces 
a correction for extraneous reducers and provides a rigid control 
of pH, was therefore used. Determinations were made on aliquots 
containing 0.30 to 0.50 mg. of cystine. 

Results — The results of the colorimetric determination of cystine 
are given in Table I. A duplicate set of analyses on the chemically 
isolated virus sample gave comparable results. In addition, a 
sample was hydrolyzed for 4 days with the HCI-HCOOH mix- 
ture and then decolorized at pH 5. Both colorimetric methods 
gave values of 0.32 to 0.33 per cent. Hence, the two methods 
gave comparable results only on samples hydrolyzed with HCl for 
8 hours or with HCI-HCOOH for 4 days. Following shorter 
periods of hydrolysis with the latter, the Sullivan method gave 
the higher results and, in agreement with the findings of Miller 
and du Vigneaud (22), maximum values were obtained after. 
48 hours of hydrolysis. 
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In general, the results were quite variable, did not account for 
all of the sulfur in the samples, and were considerabl}’ lower than 
values obtained by iodometric titration follouing hydrolysis with 
HI. It is probable that the low and variable results were due at 
least in part to the comparatively large amount of humin formed 


Table I 

Colorhnciric Dclcrmination of Cystine* in Tobacco Mosaic Virus 
Hydrolysates 


Description of 
aample 

Method of 
h3drolj'si3 

Colorimetric method 

Method 
of decolor- 
izing 

Cj-s- 

tine* 

Ci*s- 
tine* S 





per cent- 

per cent 

Ultracentrif- 

HCI-HCOOH 

Sullivan 

Xorit 

0.35 

0.09 

ugally iso- 
lated (0.24% 

for 24 hrs. 


pH 5 

0.35 

0.09 

total S) 


Folin-Marenzi- 

Norit 

0.2S 

0.07 



Lugg 

pH 5 

0.29 

0.08 


HCI-HCOOH 

' Sullivan 

! Norit 

0.29 

0.08 


for 4S hrs. 


! pH 5 

0.40t 

0.11 



Folin-Marenzi- 

Norit i 

0.24 

0.06 

i 


bugg 

pH 0 ! 

0.28 i 

1 

0.07 


6 X HCI for S 

Sullivan i 

Norit 

0,36 ! 

0.10 


hrs. 


pH 5 j 

0.34 , 

1 

0.09 



FoIin-iMarcnzi- 

Norit 

0.31 

O.OS 



Lugg 

pH 5 

0.34 

0.09 

Nucleic acid- 

HCI-HCOOH 

Sullivan 

5 

0.38t 

0.10 

free protein 

for 48 hrs. 

Folin-AIarenzi- 

“ 5 

0.52t 

0.14 

(0.17% total 
S) 


bugg 





* Calculated as cystine, but would include cysteine, 
t Average of three determinations. 


during h 3 ’'drolysis with, either HCl or the HCI-HCOOH mixture. 
Several investigators have reported the loss of C 3 "stine or cj^steine 
when boiled vdth carbohydrates, especiall 3 " v-ith those that form 
furfuraldeh 3 ’^de. Dowell and Menaul (26) found that C 3 ’'stine 
boiled with furfuraldeh 3 'de and 10 per cent HCI was deaminated 
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to the extent of 85 per cent. Bailey (27) reported that the addi- 
tion of 10 per cent arabinose to edestin before hydrolysis decreased 
the apparent cystine content from 1.36 to 0.9 per cent when deter- 
mined by the Folin-Marenzi-Lugg method and from 1.14 per cent 
to 0.9 per cent when determined by the Sullivan method. To- 
bacco mosaic vii’us contains smaller proportions of a furfuralde- 
hyde-forming carbohydrate than this (about 2 per cent pentose) 
(13, 21), but likewise contains less sulfur than does edestin; hence 
the effect might be equally great. Lugg (28) found that humin 
formation results in a considerable loss of cysteine but that cystine 
is unaffected. It seems likely that at first cysteine was present 
in the hydrolysates, for a positive nitroprusside test is obtained 
immediately following denaturation of the virus. Removal of 
the nucleic acid decreased humin foimation and served to increase 
values given bj’’ the Folin-Marenzi-Lugg method but did not 
alter those obtained by the Sullivan procedure. Recovery of 
cystine added to the virus protein before hydrolysis was variable 
and incomplete; hence the colorimetric methods were abandoned 
and attention was turned to the Baernstein procedure. 

Sulfur Distribution after Hydrolysis with HI 

Method — ^Baernstein’s (29) method as modified by Kassell and 
Brand (30) was used, except that the glass-to-glass connection to 
the first absorber was replaced by rubber tubing and a pinch- 
clamp. As the dried protein samples were very bulky and samples 
up to 600 mg. were used, it was not practicable to use weighing 
tubes. Instead, the digestion flask was filled with nitrogen, a 
weighed sample introduced directly, and the flask immediately 
connected to the condenser. The average recovery of cystine 
(3 to 4 mg.) in five determinations was 92.9 per cent; therefore, a 
correction factor of 107.7 was used in the calculations. The aver- 
age recovery of methionine (0.8 to 0.9 mg.) as volatile iodide was 
90.3 per cent (two determinations) and one determination on 
0.34 mg. of sulfate sulfur gave 116 per cent recovery. 

The test to establish the identity of the volatile iodide by means 
of trimethylamine was conducted as described by du Vigneaud, 
Miller, and Rodden (31). After each run, the contents of Scrub- 
ber 3, which consisted of 5 cc. of 3 per cent trimethylamine in 
absolute alcohol, were sealed in glass, stored at 4°, and examined 
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at intervals for the formation of crystals of tetramethylammonium 
iodide on the walls of the tube. 

Results — ^The corrected values obtained by the modified Baem- 
stein procedure for cysteine, methionine, and sulfate sulfur are 
given in Table 11. The cysteine (or cystine) values were consis- 
tently higher than those obtained by the colorimetric methods,.and 
averaged 0.68 per cent, calculated as cysteine, equivalent to 
0.18 per cent sulfur. Dialysis or removal of nucleic acid caused 
no decrease in the cysteine value, whereas the total sulfur content 
was lowered to about 0.20 per cent (average of four samples). 
Since this agreement is within the accuracy of the methods, these 
data provide no basis for assuming that other forms of sulfur are 
present in tobacco mosaic virus. Analysis of a sample of virus 
nucleic acid by the same method indicated that not over 3 per 
cent of the cysteine titration could be attributed to the nucleic 
acid component. As sulfate was present in some samples and not 
in others, it must be regarded as a contaminant. 

The non-dialysed preparations gave titrations in both the vola- 
tile iodide and homocysteine determinations and, since in general 
the two values agreed, it would appe'ar that methionine was 
present in such preparations. However, the apparent methionine 
content was decreased 50 per cent or more by dialysis at pH 3 
or against distilled water, treatments which do not lower the 
activity significantly. The apparent methionine content was also 
reduced over 50 per cent by removal of nucleic acid. Although 
the dialyzed or alkali-treated preparations, as well as nucleic acid 
alone, gave rise to volatile iodide and to homocysteine, the amounts 
were quite small and their significance doubtful. Extraction with 
petroleum ether did not decrease the amount of volatile iodide 
produced. The homocysteine titration is less sensitive and, when 
so small, little reliance can be placed upon it; hence an attempt was 
made to determine whether or not the volatile iodide obtained 
from the virus Avas actually methyl iodide. In tests with known 
amounts of methionine, made with the method already described, 
0.8 mg. of methionine could be detected and 1.2 mg. resulted in 
the formation of a large number of tetramethylammonium iodide 
crystals. However, in one test 3.2 gm. of chemically isolated 
virus and in another 2.7 gm. of ultracentrifugally isolated vinis 
were hydrolyzed, but in neither case was there any indication of 
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crystal formation. If the volatile iodide were entirely due to 
methionine, these samples, according to Table II, should have 
contained 3.8 and 3.8 mg. of methionine, respectively, of which 
1.6 and 1.4 mg., respectively, would not have been removed by 
dialysis. Since the addition of methyl iodide, equivalent to 1 mg. 
of methionine, to the 5 cc, of trimethylamine solution used in the 
tests with protein resulted in the formation of crj^stals of tetra- 
methylammonium iodide, nothing was evolved during the diges- 
tion of the protein that prevented ciystal formation. It is e\i- 
dent, therefore, that most of the volatile iodide obtained from 
non-dialyzed preparations and over half of that from well dialyzed 
samples could not have been method iodide. If the protein con- 
tained as much as 0.025 per cent methionine, it would have 
been detected. 

The anal 3 ^ses on the ultracentrifugally isolated samples and the 
chemicall}’' prepared sample are quite similar in all respects except 
for total sulfur. The sulfur in the former has been largely ac- 
counted for, but only about 60 per cent of the sulfur of the latter 
can be attributed to c^^steine and sulfate sulfur. The reason for 
this is not known. 


DISCUSSION 

In this investigation no attempt has been made to distinguish 
between cj^steine and cystine, and results are calculated as one 
or the other as a matter of convenience. The h 3 ’'drol 3 'sates used 
for the colorimetric methods were treated so that C3"steine, if 
present, would be oxidized to C3’'stiiie. The3^ gave a negative 
nitroprusside test. Digestion with HI would, of course, convert 
an 3 ’' C 3 ^stine to C 3 "steme. As 3 ’'et, no free sulfh 3 ^dr 3 d groups have 
been demonstrated in the intact vims protein molecule, but the 3 ^ 
appear following denaturation b 3 " even mild means. Titration 
of the sulfhydtyl groups of the \drus in 40 to 50 per cent guanidine 
h3^droch]oride and in 6 M urea solutions mth poiph 3 Tmdin indi- 
cates the presence of 0.76 and 0.70 per cent C3^steine, respectivel 3 " 
(15), With ferric 3 "anide or tetrathionate in 50 per cent guanidine 
h3"drochloride, a content of approximatel 3 " 0.65 per cent C 3 ’'steme 
was found.^ The agreement of these values with those found in 


' Personal communication from Dr. M. L. Anson. 



128 


Sulfur in Tobacco Mosaic Virus 


the present investigation clearly indicates that in the denatured 
protein all or nearly all of the sulfur is in the form of cysteine. 

There can be no doubt that the results for cysteine plus cystine 
obtained by the modified Baernstein method are more accurate 
than those obtained by colorimetric methods. There is no humin 
formation during digestion with HI, and the Okuda titration has 
been shown to be specific for sulfhydryl and disulfide groups (32). 
Also, the higher value agrees well with the total sulfur and 
titratable sulfhydryl content of the protein, and there is no reason 
for suspecting the presence of appreciable quantities of other 
forms of sulfur. 

Since no evidence was obtained that methyl iodide is formed 
during the hydrolysis of tobacco mosaic virus with HI, and since 
the homocysteine titration was too small to be of significance, it 
can be concluded that the virus contains little or no methionine. 
If as much as 0.025 per cent methionine were present, it would 
have been detected by the methods that were used. The origin 
of the volatile iodide is not known. It is interesting to note that 
du Vigneaud, Miller, and Hodden (31) obtained similar results 
with insulin. 


SUMMARY 

A study has been made of the distribution of sulfur in tobacco 
mosaic virus protein. lodometric titration following digestion 
with HI indicated that well dialyzed virus protein isolated by dif- 
ferential centrifugation, or the nucleic acid-free component of the 
virus, contains 0.68 per cent cysteine or cystine. Since this 
amount is equivalent to 0.18 per cent sulfur and such protein 
preparations contain 0.17 to 0.20 per cent total sulfur, all, or 
nearly all, of the sulfur has been accounted for. This sulfur prob- 
ably exists in the form of cysteine, since it may be titrated as such 
in protein denatured by even mild means. Following conversion 
of cysteine to cystine, colorimetric estimation of the latter by the 
Sullivan method or Lugg’s modification of the Folin-Marenzi pro- 
cedure after digestion with HCl or a HCl-HCOOH mixture gave 
lower and less consistent results. A chemically isolated sample 
of tobacco mosaic virus gave similar results. Traces of sulfate 
sulfur were present in some samples and absent in others. Wlien 
the virus was hydrolyzed with HI, a small amount of volatile 



A. F. Ross 


129 


iodide was formed and the amount could be reduced by dialysis 
of the protein. However, it was proved by means of the trimethyl- 
amine test that most of the volatile iodide could not have been 
methyl iodide; hence it seems likely” that tobacco mosaic virus 
does not contain methionine. 
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INFLUENCE OF THE EXCRETION OF OTHER PYRIDINE 
COMPOUNDS UPON THE INTERPRETATION OF THE 
URINARY NICOTINIC ACID VALUES* 
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Because of the e^’idence that nicotinic acid is the pellagra- 
preventing factor (1), attempts have been made to determine 
nicotinic acid in blood and urine as methods for estimating the 
level of nutrition vith respect to this essential food factor. A 
simple procedure for the determination of nicotinic acid in such 
materials has been published from our laboratory (2). The 
method gives excellent results with respect to reproducibility of 
the values and recovery of added nicotinic acid (or amide). How- 
ever, like all other methods for the determination of this com- 
pound, the procedures are not specific for nicotinic acid alone; 
other pyridine compounds also give the tests. The present report 
is a study of what other pjTidine compounds in the urine react 
ivith the reagents (cyanogen bromide and aniline) to give a color 
which contributes to the final reading as nicotinic acid and how 
the excretion of such compoimds influences the interpretation of 
the urinary nicotinic acid values. Procedures are also described 
for converting the nicotinic acid derivatives in the urine, nicoti- 
nuric acid and trigonelline, to the free acid, so that some estimation 
of the extent of excretion of these compounds in the urine can now 
be made. 


* The expense of this investigation was defrayed by grants from The 
Upjohn Company, Kalamazoo, and from the Horace H. Rackham School 
of Graduate Studies, University of Mchigan. 
t Upjohn Fellow in Clinical Research, 1937-41. 
t Upjohn Fellow in Clinical Research, 193S-^. 
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EXPERIMENTAL 

Stability of Nicotinamide in Urine — From each of three normal 
subjects a 24 hour urine sample was collected with 30 cc. of 3.5 
N H 2 SO 4 used as a preservative. Half hour aliquots of the acidified 


Table I 


Pyridine Compounds in Urine and Their Reaction with Cyanogen Bromide 

and Aniline Reagents 


Compound* 

Formula 

Physical con- 
stant (uncor- 
rected) 

Quan- 

tity 

testedt 

Heiativa 
photo- 
metric 
density 
of re- 
action 
produett 






Nicotinic 
acid§ (3, 4) 


/\ 

\/ 

N 

— COOH 

! 

1 

°c. 

M.p., 231 

7 

10.0 

100 

Nicotinamidelj 
(3, 4) 


\ 

— CONHs 

“ 126 

1 

1 

9.9 

51 

Nicotinuric 
acidTI (3, 4) 

1 


/\ 

\/ 

N 

— CONHCHi- 

COOH 

“ 240 

14.6 

1 

62 

1 


/\ 



1 


Pyridine§ 


\/ 

N 

CHi—CHi 

B.p., 115 

6.4 

88 

Nicotine§ (6) 


/\ 

\/ 

N 

i 1 

— CH CHs 

\ / 

N 

1 

CH, 

“ 116 
at 12 

mm. 

13.2 

56 
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Table I — Concluded 


Compound* 

Formula 

Phj*9ical con- 
Btant (un- 
corrected) 

Quan- 

tity 

tcatMf 

Relative 
photo- 
metric 
density 
of re- 
action 
productt 

Trigonelline 
hj'drochlo- 
ride^ (3, 4, 

6, 7) 


/\ 

\/ 

N- 

\ 

—CO 

•HCl 

— 0 

•c. 

M.p., 2o8 

y 

14.1 

0 



1 

CH, 






CH.OH 

i 




Vitamin Bs 
hydrochlo- 
ride* ♦ (8) 

HO— 

CH,— 

N 

1 

—CH.OH 

•HCl 

“ 206 

16.7 

0 


* The numbers in the parentheses after each compound denote references 
to the earlier investigations demonstrating the presence of these compounds 
in urine. 

t Equivalent on the basis ,of comparative molecular weights to 10 y of 
nicotinic acid. 

t For the purpose of comparison a value of 100 was assigned to the photo- 
metric density of the yellow solution obtained in the test with 10 y of nico- 
tinic acid, 

§ Obtained from the Eastman Kodak Company, Rochester, New York. 

11 Furnished by General Biochemicals, Inc., Cleveland, Ohio. 

Furnished by Dr. C. A. Elvehjem and Dr. D. V. Frost of the University 
of Wisconsin. 

** Furnished by Merck and Company, Inc., Rahway, Kew Jersey. 

specimens, with 200 y of nicotinamide added to each, were alloTved 
to stand in stoppered flasks at room temperature for a period of 
30 days. Periodically the aliquots were tested (2) ; in all cases the 
values remained constant and represented theoretical recoveries 
of the added amide. Nicotinamide is stable in acidified urine for 
a period of more than 30 days. 

Pyridine Compounds in Urine and Their Reaction with Cyanogen 
Bromide and Aniline Reagents — In Table I are listed the principal, 
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known pyridine compounds found in urine. Solutions were made 
to contain known quantities of these compounds equivalent in 
each case, on the basis of comparative molecular weights, to 10 7 
of nicotinic acid. For the purpose of comparison a value of 100 
was assigned to the photometric density of the yellow solution 
obtained in the test with the 10 7 of nicotinic acid. The results 
are given in Table I. The difference in reaction between nicotinic 
acid and the amide is of no consequence, since the hydrolytic 
procedure used in the application of the reaction to biological 
materials completely converts the amide to the free acid (2). 
Nicotinuric acid, the glycine conjugate of nicotinic acid, is the only 
other compound in the series to possess anti-blaektongue activity 
(9). This compound likewise can be completely hydrolyzed to 
yield the free acid (2). Trigonelline, the betaine of nicotinic acid, 
fails to react with the reagents. Inasmuch as both nicotinuric 
acid and trigonelline have been isolated from urine following the 
oral administration of a test dose of nicotinic acid (3, 4, 6, 7), 
these derivatives of nicotinic acid should also be determined for 
the proper evaluation of the urinary nicotinic acid values. On 
the other hand, the distribution of trigonelline is ubiquitous in 
nature (10) and, since the compound possesses no anti-blacktongue 
activity (9), that excreted as a result of direct dietary intake (11) 
should be excluded from the over-all urinar}’’ nicotinic acid values. 
Quantitative data concerning the natui’al distribution and urinary 
excretion of trigonelline are lacking. In the present study it will 
be shown that by varying the hydrolytic procedures it w’ill be 
possible to determine which of the nicotinic acid derivatives are 
excreted. Although the results are still semiquantitative, the 
procedures used are simple, so that it now becomes possible to 
carr}'^ out extensive studies of the urinary excretion of nicotinic 
acid and its derivatives (11). 

The non-specificity of the urinary values has been found to be 
due for the most part to the pyridine and nicotine in the speci- 
mens reacting with the reagents. Vitamin Be, like trigonelline, 
fails to give a positive test. 

Yield of ^‘Nicotinic Acid" from Same Urine Sample Subjected to 
Varying Hydrolytic Procedures — Urine samples with and without 
added nicotinamide, nicotinuric acid, and trigonelline were sub- 
jected to hydrolysis with different concenti'ations of acid and 
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alkali for varjdng periods. A tj^pical series of such tests, taken 
from a number of similar experiments, is presented in Table II. 

Table II 


Variabiliiy in Yield of **Nicotinic Acid” from Same Urine Sample Suhjecled 
to Acid and Alkaline Hydrolysis; Recovery of Added Pyridine Compounds 


Reagent 

Nonnalilj’ 

Duration oi 
hydrolysis* * * § 

•’Nicotinic 
acid” in 
eamplet 

Recovery of added pjridines as 
nicotinic acidt 

Nicotin- 

axnide 





Ar«. 

y 

per cerd 

per cent 

per ccrJl 

HCI 

2.5 

0.5 

66 

99 

65 

0 


i ^ 

1 0.5 

! 

102 

68 

0 


1 6 

' 0.5 

67 

98 

72 

0 


1 4 

5.0 

61 

98 

95 

0 

NaOH 

2.5 

0.5 

126 

96 

101 

4 


4 

0.5 

246 

98 

99 

11 


6 

0.5 

362 

97 

106 

18 


9 

0.5 

484 

102 

108 

30 


2.5 

1.0 

196 

99 

101 

8 


4 

1.0 

310 

99 1 

105 

17 


6 

1.0 

376 

97 

100 

20 


9 

1.0 

490 

95 

95 

30 


2.5 

2.0 

230 

97 

105 

10 


4 

2.0 

340 

95 j 

94 

19 


6 

2.0 

380 

86 

90 

21 


9 

2.0 

452 

83 

85 i 

27 


2.5§ 

24 

378 

97 

99 

19 


* The hydrolyses were carried out in graduated test-tubes immersed in 
a boiling water bath. 

t In each case a ^ hour aliquot of a 48 hour urine specimen from a normal 
subject was subjected to the hydrolysis before and after the addition of the 
extra pyridine compounds. 

t To the urine samples subjected to acid hydrolysis the amounts of the 
added pjTidine compounds in each case were equivalent, on the basis of 
comparative molecular weights, to 200 y of nicotinic acid ; to those subjected 
to alkali hydrolysis, 1000 y equivalents were added. 

§ In this case the hydrolj'sis was allowed to proceed under a reflux, so 
that no change in volume took place. In all the other cases the solutions 
^ere simply made up to the indicated normality with no attempt to prevent 
volatilization during the periods of h 3 ’drolysis. 










136 


Urinary Pyridine Compounds 


It will be observed that following any of the acid or alkaline hy- 
drolyses* of from I to 1 hour’s duration there is a quantitative 
conversion of nicotinamide into the free acid, as indicated by the 
recovery values. However, the initial yields of “nicotinic acid” 
from the same urine sample subjected to alkaline hydrolysis are 
far in excess of those obtained by hydrolysis with hydrochloric 
acid of equivalent normality and increase progressively wth 
increasing concentrations of the alkali.^ The acid hydrolyses 
yield relative^ constant values despite variations in the concen- 
tration of the hydrochloric acid and in the period of hydrolysis. 
The above results have been confirmed repeatedly (11). 

Inasmuch as blank determinations, by the same hydrolytic 
procedures, have given negative color tests, the increasing yields of 
“nicotinic acid’’ with use of increasing concentrations of the alkali 
cannot be attributed to contaminants in the reagents. Apparently 
there is normally excreted into the urine a pyridine compound 
characterized by its resistance to strong acid hydrolysis and its 
susceptibility to alkaline hydrolysis to yield a compound Avhich 
then reacts similarly to nicotinic acid with the cyanogen bromide 
and aniline reagents. 

Influence of Various Hydrolytic Procedures upon Subsequent 
Reactions of Pyridine, Nicotine, and Vitamin Be with Reagents— 
When pure aqueous or urine solutions of pyridine and nicotine are 
subjected to the acid hydrolyses, constant values for the added 
pyridine compounds with quantitative recoveries are obtained. 

^ The hydrolyses of the half hour aliquots of the urine specimens were car- 
ried out in graduated test-tubes immersed in a boiling water bath. The 
urine samples subjected to acid hydrolysis in a total volume of 15 cc. were 
anal3’'zed according to the published procedures (2). Those subjected to 
alkaline hydrolysis of 2.5 and 4 n were brought to a total volume of 15 cc., 
while the more alkaline hydrolysates (6 and 9 n) measured 10 cc. To each 
of the alkaline solutions 10 cc. of ethyl alcohol were added, followed by 
noutralization with concentrated hydrochloric acid in the cold until the pH 
was adjusted to 7, and the mixture was then brought to a volume of 30 cc. 
Exactly 0.1 gm. of the Darco charcoal was added and the suspension fil- 
tered. 3 cc. quantities (10 per cent aliquots) of the filtrates were then 
treated in the same manner as the neutralized filtrates obtained after acid 
hydrolysis. 

2 The values obtained, although varying widely with differences in the 
normality of the sodium hydroxide used, are reproducible following each 
of the alkaline hydrolyses and therefore valid. 
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When the same solutions are subjected to alkaline h 3 ’'drolyses, 
no increase in the “nicotinic acid’’ values is obtained. In fact, 
smaller values are general!}’' obser\’’ed because of volatilization of 
the added pyridine compounds. Vitamin Be, when subjected to 
the same hydrolj’iic procedures in pure aqueous solution or when 
added to urine, fails to give, a positive color test. 

Urinary Excretion of Nicoiinuric Acid — Examination of Table II 
indicates that nicotinuric acid is not the compound responsible for 
the increased yield of “nicotinic acid” when urine samples are 
subjected to hydrolysis vith increasing concentrations of alkali. 
The recovery values remain constant and represent complete 
conversion of the added nicotinuric acid to nicotinic acid as in 
those tests with the added nicotinamide. However, nicotinuric 
acid is much more stable to acid hj'drob'sis than nicotinamide. 
Prior to hj^drolj’^sis the conjugate, in terms of the nicotinic acid 
moiet}’', gives 62 per cent of the color produced bj' free nicotinic 
acid (see Table I). When subjected to the acid h^^drelj’^tic pro- 
cedures of \ hour’s duration, there is onl}’' a slight increase in the 
jield of free nicotinic acid. Only when the hj^drob^ses with 4 n 
hydrochloric acid are allowed to proceed for a period of from 4 to 
5 hoius are constant values obtained, with quantitative con- 
versions of the conjugate to free nicotinic acid occurring. Re- 
peated recover}" experiments with nicotinic acid and nicotinamide 
added to urine have indicated no volatilization of nicotinic acid 
during the period of prolonged acid hydrolysis. Normally the 
values obtained by acid (4 n) hydrolysis of a urine sample for \ 
hour are practically the same regardless of whether a short or long 
period of hydrolysis is employed (11). Increased values following 
the latter hydrolytic procedure are obtained only when the sub- 
ject receives an extra test dose of nicotinic acid. In these cases, as 
m the recovery experiments with added nicotinuric acid, prolong- 
mg the period of acid (4 n) hydrolysis gives increasing values, with 
maximal and constant figures obtained only after the 4 to 5 hour 
periods of hydrolysis. These findings have been interpreted as 
m^cative of no urinary excretion of nicotinuric acid unless rel- 
atively large doses of extra nicotinic acid have been ingested (11). 

Tjrinary Excretion of Trigonelline — We have found much e\’i- 
dence to indicate that the pyridine compound excreted in the 
unne, which is completely resistant to acid but susceptible to 
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alkaline hydrolysis, is trigonelline. Increasing both the normality 
of the acid and the period of acid hydrolysis fails to augment the 
urinary nicotinic acid value despite the addition of a relatively 
large amount of trigonelline to the sample (see Table II). With 
use of increasing concentrations of the alkali, however, there is an 
increase in the percentage conversion of trigonelline to the nicotinic 
acid-like reacting substance. This conversion closely parallels 
the increasing yields of “nicotinic acid” when the same urine 
samples alone are subjected to the alkaline hydrolyses. Thus, in 
the series presented, the ratio of the increases in yields of “nicotinic 
acid,” over and above the constant values obtained by acid hydrol- 
ysis, foIlo^ving the ^ hour periods of hydrolysis with sodium 
hydroxide of increasing normality was 1:3: 5:7. This ratio was 
practically the same as that obtained for the percentage recoveries 
of the added trigonelline expressed as nicotinic acid. Further- 
more, extension of the 2.5 and 4 n alkaline hydrolyses of urine over 
longer periods of time leads to still greater increases in the yield of 
“nicotinic acid” and this is associated wdth comparably greater 
increases in the percentage hydrotysis of the added trigonelline. 
In the more alkaline hydrolysates these increases in the initial 
yield of nicotinic acid or in the percentage conversion of the added 
betaine to the nicotinic acid-like reacting substance are not 
apparent. Apparently under such conditions the increased 
hydrolysis of the trigonelline is masked by concomitant destruction 
of the end-product. 

The pyridine compound in the urine, resistant to acid but 
susceptible to alkaline hydrolysis, also behaves like trigonelline 
with charcoal and zeolite adsorbents. The addition of charcoal® 
to either a neutral urine sample or to a pure aqueous solution of 
trigonelline is followed in each case by almost quantitative adsorp- 
tion of the compound ; this was indicated by no appreciable increase 
in the. yields of nicotinic acid as a result of subsequent alkaline 
hydrolysis. Passage of either a pure aqueous solution of tri- 
gonelline or of the half hour urine sample through a perrautit^ 
column (12) results in no appreciable adsorption of the trigonelline; 

’ Darco, a vegetable charcoal, obtained from the Coleman and Bell 
Company, Norwood, Ohio. 

* Delcalso, approximately 50 mesh, kindly furnished by the Permutit 
Compan}', New York. 
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the filtrates gave values following alkaline hydrolysis which were 
the same as those recorded initially for the solutions. 

The betaine in 'pure aqueous solution is resistant to all of the 
alkaline hydrolyses. Accordingly, in the adsorption experiments 
with pure solutions of trigonelline it was essential to add to the 
filtrates ^ hour urine samples and compare the results with those 
obtained when no adsorptions were involved. The concentration 
of the urinary solids influences the extent of hydrolysis. Tests, 
in which one-fifth as much urine was used but in which total 
volume, normality, and duration of the alkaline hydrolysis were 
the same, gave only one-seventh of the previous values. A com- 
parable decrease in the percentage hydrolysis of the trigonelline 
added to the smaller urine aliquots was also noted. Just what in 
urine makes possible the alkaline hydrolysis of the betaine has 
not been determined. The addition of the pjuidine compounds 
listed in Table I to pure aqueous solutions of trigonelline failed to 
catalyze the conversion of the betaine to the nicotinic acid-like 
reacting substance. 

Procedures Used in Chemical Study of Urinary Excretion of 
Nicotinic Add and Its Derivatives — ^The 24 hour urine sample is 
collected in a bottle containing 30 cc. of 3.5 N sulfuric acid. Three 
I hour aliquots are concentrated over a steam bath, while at the 
acid reaction, to a suitable volume. These are then subjected to 
to different hydrolytic procedures: (a) one with 4 n hydrochloric 
acid for a period of J hour, (b) the second with the same concen- 
tration of the acid for a period of 5 hours, and (c) the third with 
9 N sodium hydroxide for a period of § hour.® 

The value for the sample subjected to the short period of acid 
hydrolysis is believed to include aU the voided nicotinic acid, 
lucotmanude, free pyridine, nicotine, two-thirds of the nicotinuric 
scid,® and any other unknown pyridine compounds which react 

* The samples subjected to the acid hydrolyses are brought to a total vol- 
of 15 cc., but no attempt was made to maintain a constant volume 
uriog the period of hydrolysis. Those subjected to alkaline hydrolj’sis 
are made up to a total volume of 10 cc. The h 3 'drol 3 "sates are then treated 
described in foot-note 1 of this paper. 

® "pus is due to the fact that nicotinuric acid itself, although not ap- 
^eciabl 3 " hydrolyzed during the short period of acid h 3 "drolysis, reacts 
^^rectly with the reagents to give a color the intensity of which is equal to 
per cent of that obtained with an equivalent amount of nicotinic acid. 
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with the reagents. The values obtained after the prolonged acid 
hydrolysis include, in addition to the above, all of the nicotinuric 
acid because of complete hydrolysis. Accordingly, from the in- 
crement obtained from the longer hydrolysis an estimation can be 
made of the total nicotinuric acid present. 

The value obtained after alkaline hydrolysis of the urine sample 
is used for the estimation of trigonelline in urine. This figure 
includes also the pyridine compounds determined by use of the 
prolonged acid hydrolysis. The results following alkaline hydrol- 
ysis can then be corrected to yield values due solely to the tri- 
gonelline. More than twenty recovery experiments have been 
carried out with the betaine added to urine samples from six 
individuals. The percentage conversion of the added trigonelline 
to the nicotinic acid-like I’eacting substance varied from 28 to 38 
per cent and the values in each case were reproducible; the average 
conversion factor was 33 per cent. We have, therefore, inter- 
pi'eted the increased yield of nicotinic acid, over and above that 
following the 5 hour period of acid hydrolysis, as representing 
one-third of the excreted trigonelline. 

Because of the large conversion factors involved in estimating 
the total amounts of the nicotinic acid derivatives excreted, the 
results should be considered only as semiquantitative. However, 
the procedures appear to be specific for these compounds and be- 
cause of their simplicity lend themselves to routine examination 
of urine samples (11). In addition, the results are reproducible. 
For publication purposes, only the values actually obtained by the 
direct chemical analyses are given. These are sufficient in them- 
selves to indicate which of the nicotinic acid derivatives are 
excreted and their relative quantities. From the data presented 
approximations can be made of the absolute amounts of these 
compounds present in a given sample. 

Trigonelline As a Normal Constituent of Urine; Effect of Coffee 
and Smoking upon Urinary “Nicotinic Acid" Vahies — There is a 
wide-spread distribution of trigonelline and pyridine-containing 
alkaloids in the plant kingdom (10); the common beverages 
(coffee, tea, and cocoa) are considered to be relatively rich in some 
of these substances. There is also a suggestion in the literature 
(6) that confirmed smokers may develop the ability to convert 
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nicotine to trigonelline as a detoxicating measure. The excretion 
of nicotine, as the unchanged alkaloid, in the urine of smokers has 
been reported (5). 


Table III 


Effect of Coffee DrinJeing and SmoHng upon Urinary ^'Nicotinic Acid** 

Values 

The results are given in mg. per 24 hours. 


Subject 

Experiment 

Urinsrj- *‘nicotinic acid*' values 
after hydrolysis 

1 

§ hr., 4 jf 
HCl 

'5 hrs.,4N 
HCI 

i hr.. 9 K 
NaOH 

D. M. 

Basal diet + no coffee or smoking 3 
days prior to and during 24 hrs. of 
urine collection 

3.7 

3.3 

11 


Basal diet + 6 cups black coffee (no 
smoking) 


3.4 

70 

W. R. 

Basal diet -V no coffee or smoking 3 
days prior to and during 24 hrs. of 

1 urine collection 


3.6 

13 


Basal diet 4- 6 cups black coffee (no 
smoking) 


4.2 

91 


After 4 days adjustment period, basal 
diet “h smoking, 30 cigarettes (no 
coffee drinking) 

7.8 1 

7.6 

58 

X. A. 

Xormal routine; basal diet 4- 1 
smoking, 20 cigarettes (no coffee 
drinking) 

15.1 

1 

14.9 

34 


24 hr. period following above, smok- 
ing discontinued (no coffee 
drinking) 

10. S 


23 


Subsequent 24 hr. period, smoking 
still discontinued (no coffee drink- 
ing) 

4.7 


17 


First 24 hr. period after return to 
normal routine (no coffee drinking) 

9.8 

9.3 

29 


Studies were according!}^ carried out to ascertain the influence of 
smoking and coffee consumption upon the urinar 3 " ‘ 'nicotinic acid'' 
values. Representative data are presented in Table III. 

The constant excretion values obtained with the two subjects 
subsisting on the basal diets alone are given. These figures were 
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reproducible not only for the same urine samples but also for those 
collected on consecutive days while the individuals continued on 
the same dietary regime. The larger values consistently obtained 
with the samples subjected to alkaline hydrolysis indicate tri- 
gonelline to be a normal constituent of urine. This conclusion is 
supported by the isolation of the betaine from normal human 
urine despite the complete abstinence from smoking and from 
coffee, tea, and cocoa consumption (6). The figures for the 24 
hour period associated with coffee drinking showed no change with 
acid hydrolysis but a tremendous increase following alkaline 
hydrolysis. This increase is attributed to the extra excretion of 
trigonelline. 

Studies of the urinary excretion of nicotinic acid and its deriva- 
tives have been carried out with eleven normal subjects who pur- 
sued a normal but constant daily routine (11). Of the six 
individuals in this group, who smoked regularly, three had urinary 
“nicotinic acid” values following acid hydrolysis not much greater 
than those frequently obtained in similar tests of urines from non- 
smokers. The other three smokers consistently gave very much 
higher values. Representative data of studies conducted with 
subjects from each of these two groups of smokers are also pre- 
sented in Table III. With subject W. R., the major increase in 
the urinary “nicotinic acid” values after smoking was observed in 
the sample subjected to alkaline hydrolysis. In the case of the 
other individual, N. A., the values which responded to changes in 
smoking habits were those obtained following acid hydrolysis of 
the samples with only parallel changes in the values after alkaline 
hydrolysis. Apparently subjects differ in the way they handle 
nicotine, some converting it to trigonelline, others excreting it 
primarily as the unchanged alkaloid'^ (which is quantitatively 
determined along with the other pyridines). 

^ Additional tests have indicated that free nicotine is excreted by such in- 
dividuals. If, in the preliminary concentration of the § hour urine sample, 
the acid reaction is first neutralized to pH 7, most of the free pyridine is 
volatilized; the nicotine, however, is not affected. Such tests carried out 
with urine samples from smokers in this group gave values not appreciably 
less than those previously obtained when the samples were concentrated 
at the usual acid reaction. 
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SUMMARY 

Nicotmamide is stable in acidified urine for a period of more 
than 30 days. The urinary" pyridine compounds vary \sddel3' in 
the extent of their reactions with the cyanogen bromide and aniline 
reagents. Procedures are described for the quantitative conver- 
sion of nicotinamide and nicotinuric acid to nicotinic acid. Of the 
two, nicotinuric acid is more stable to acid h3"drol3'sis. The 
excretion of this compound can be estimated by making use of the 
increment in the urinar3^ nicotinic acid value following prolonged 
acid h3"drol3’sis. There is normall3" excreted a p3Tidine compound, 
characterized b3" its complete resistance to acid h3'drol3"sis but 
susceptibilit3^ to alkaline h3'drol3"sis, 3’ielding a substance which 
reacts subsequently^ like nicotinic acid with the reagents. The 
evidence suggesting that this is trigonelline is the parallel behavior 
of the compounds when exposed to acid and alkaline li3’drol3’'ses 
of var3Tng normalit3' and duration, similar adsorption properties, 
and dependency upon some urinar3^ constituent for catal3’’sis in 
the alkaline h3’'drol3"sis of the compounds. The extent of tri- 
gonelline excretion may be estimated from the increase in the 
urinar3’' "nicotinic acid” value after alkaline h3'drolysis, over and 
above that obtained following prolonged acid h3"drol3’'sis. Coffee 
consumption leads to a markedl3’’ increased excretion of trigonelline 
with no change obsen'ed in the urinar3’’ nicotinic acid values 
obtained during acid h3’'drol3’'sis. Smoking in the case of one group 
of individuals augments mainly’' the urinaiy excretion of tri- 
gonelline, while in the other free nicotine is excreted and this value 
is included in the total urinan^' “nicotinic acid” figure. Vitamin 
Bg, before and after exposure to all the hydroly’lic procedures 
described, fails to give a positive color test with the reagents. 
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TnUNARY EXCRETION OF NICOTINIC ACID AND ITS 
DERIVATIVES BY NORMAL INDIVIDDALS* 


By DANIEL MELNICK.t WILLIAM D. ROBINSON, J and HENRY 

FIELD, Jh. 

(From (he Department of Internal Medicine^ Medical School ^ University of 
MichigaUj Ann Arbor) 

(Received for publication, July 11, 1940) 

In the preceding paper (1) a study was made of the p3’'ridine 
compoimds found in urine in order to determine to what extent 
their axcretion influences the chemically determined (2) urinary 
“nicotinic acid” values. Procedures were described for the 
estimation of nicotinuric acid and trigonelline in urine based upon 
the relative stabilities of these compounds to acid and alkaline 
hydroli’^sis. After prolonged acid hydrolj^sis nicotinuric acid is 
quantitative!}^ converted to nicotinic acid and only after strong 
alkaline hydrolysis is trigonelline converted to a nicotinic acid- 
like reacting substance. The values obtained are reproducible and 
the procedures appear to be specific for these nicotinic acid de- 
rivatives. However, because of the admittedly semiquantitative 
character of the calculated figures from use of large conversion 
factors, only the total values obtained by direct chemical analyses 
are given in this paper. 

Some pyridine compoimds other than nicotinic acid and the 
above derivatives are included in the total uiinar}^ “nicotinic acid” 
values (1). Excretion of these pyridine compounds may mask 
differences between normal and deficient individuals with respect 
to the true nicotinic acid values of their urines. The evaluation 
of the extra excretion of nicotinic acid and its derivatives, after the 

* The expense of this study was defrayed by grants from The Upjohn 
Company, Kalamazoo, and from the Horace H. Rackham School of Gradu- 
ate Studies, University of I^Iichigan. 

t Upjohn Fellow in Clinical Research, 1937-41. 

t Upjohn Fellow in Clinical Research, 1938-40. 
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oral administration of a test dose to subjects followmg a constant 
daily routine, offers a means for correcting for the initial lack of 
specificity of the chemical method. The present report deals with 
the range of values obtained in such studies conducted with normal 
individuals. Data are presented showing in what forms nicotinic 
acid is excreted in the urine, the prompt conversion of most of the' 
nicotinic acid to these derivatives, and rapidity of excretion of the 
pyridine compounds after dosage. Differences in metabolic 
behavior of nicotinic acid and nicotinamide are also indicated. 

EXU>ERIMENTAL 

Response of Normal Individual to Oral Test Dose of Extra Nic- 
otinic acid — Eleven adult subjects of varying size were used for 
this study. Selection of foods during the test period was left to 
the choice of the subject and represented what that individual 
generally ate. Smoking and coffee consumption were not re- 
stricted but were maintained constant during the test period.^ 
Three consecutive 24 hour urine samples were collected.^ Follow- 
ing the 24 hour basal period and just prior to the collection of the 
second sample, an aqueous solution of 500 mg. of nicotinic acid 
Avas taken orally at the completion of the largest meal of the da 5 ^ 
The two subsequent 24 hour urine samples were collected. The 
results of the analyses of the three consecutive urine samples are 
given in Table I. Each sample Avas subject to three types of 
hydrolysis, as indicated. The increase in the nicotinic acid A^alue 
after the prolonged period of acid hydrolysis is due to hydrolysis 
of nicotinuric acid and the increment after alkaline hydrolysis 
comes from the trigonelline fraction (1). The value for the extra 
urinary “nicotinic acid” excretion folloAAung the administration of 
the test dose AA'^as calculated by subtracting from the total figure, 
obtained for the first 24 hour period after dosage, the aA^erage of 
the values for the immediately preceding and following 24 hour 
pjeriods. 

Examination of the data in Table I shoAvs that there is normall}’^ 
no excretion of nicotinuric acid in urine; this is indicated by no 
increase in the values obtained for the basal 24 hour urine samples 

* This ^A•as necessary because of the influence of these factors upon the 
urinary “nicotinic acid” values (1). 

* The urine collection periods began in each case after dinner. 
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when subjected to prolonged acid hydrolysis. Trigonelline is a 
normal constituent of urine; in each case a definitely larger value 
for the urinary excretion of nicotinic acid is obtained following the 
period of alkaline hydrolysis of the sample.® The presence of 
trigonelline in urine is due to both passive excretion of the betaine 
following its consumption as such in the diet^ and that arising, as a 
detoxication measure, when large doses of nicotine (1, 3), nicotinic 
acid, and possibly other pyridine compounds are taken. The 
average increased urinary “nicotinic acid” value following 
alkaline hydrolysis of the basal urine samples in the series pre- 
sented is 20 mg. per 24 hours. This represents a daily excretion 
of approximately 60 mg. of trigonelline (1). Values for the basal 
24 hour urinaiy “nicotinic acid” values following acid hydrolysis 
vary widely, from 1.7 to 29.3 mg. The three samples yielding very 
large values were from smokers who excreted nicotine principally 
as the unchanged alkaloid (1, 4). Studies in which volatilization 
of the pyridine compounds by steam distillation of the urine 
samples at various pH values was employed have indicated that 
free pyridine is also present in some to an appreciable extent. 
There is a definite tendency for the values obtained during the 
basal periods to be less following prolonged acid hydrolysis com- 
pared with those obtained after the short period of acid hydrolysis. 
Repeated recovery experiments have shown that the decrease is 
due to volatilization or destruction of a urinary pyridine compound 
other than those studied ((1) Table I). It is thus apparent that 
the “nicotinic acid” values for the basal periods include pyridine 
compounds other than nicotinic acid. The true urinary nicotinic 
acid is believed to be in the neighborhood of the lower normal 
range. 

® Only subject A. M., one of the non-smokers and non-coffee consumers, 
failed to show the very large increment in the urinary "nicotinic acid” value 
following alkaline hydrolysis. The small increment in this case, how- 
ever, is real; recovery experiments with trigonelline added to ^ hour ali- 
quots of the same urine sample gave the usual 33 per cent conversion of the 
betaine to the nicotinic acid-like reacting substance. 

* When one of the standardized subjects (D. M.. Table II) took a post- 
prandial oral test dose of trigonelline, equivalent to 350 mg. of nicotinic 
acid, the increase in the urinary nicotinic acid value occurred only in the 
sample subjected to alkaline hydrolysis. The increase represented an 
extra excretion of 135 mg. of trigonelline, all within the first 24 hours after 
dosage. (The trigonelline was furnished by General Biochemicals, Inc.) 
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The oral administration of the test dose of extra nicotinic acid 
is followed by a rapid and marked increase in the urinary “nicotinic 
acid“ value. Within 24 hours after dosage the values for nicotinic 
acid and its derivatives in the urine are back to normal; the 
urinai^’' values during the follo^dng 24 hour period are practically 
the same as the basal figures. In each case there is a marked 
urinai^^ excretion of nicotinuric acid after the oral administration 
of the test dose (increase in values following prolonged acid 
hydrol 3 'sis). It has been shoTO (1) that this increment in the 
urinarj^ “nicotinic acid“ values represents only one-third of the 
nicotinuric acid present.^ Thus, it is readily noted that after 
dosage most of the extra urinar}^ nicotinic acid excretion, deter- 
mined after prolonged acid h 3 ’'drolysis of the samples, is due to the 
presence of nicotinuric acid. Some individuals, such as N. A. and 
H. H., excreted practical!}’' all the nicotinic acid, so determined, as 
the glj'cine conjugate. When the urinary “nicotinic acid” values 
are very large, due to the intake of a relativel}^ laige dose of the 
compound by the smaller indi\dduals, such as E. W. and O, B., 
or when the test dose is taken by the fasting subject (see Fig. 2), 
appreciable amounts of free nicotinic acid (or amide) are excreted. 
In each case, listed in Table I, there is a marked but variable 
excretion of extra trigonelline (increase in values following alkaline 
hydrol^^sis) after dosage. This increment should be multiplied 
by 3 for the estimation of the absolute excretion of the betaine (1). 

The values listed for the extra excretion of nicotinic acid and its 
derivatives after the administration of the test dose show a 
tendency of the smaller indiriduals to excrete more of the p'^uidine 
compounds. However, indi^udual variation in the handling of 
the test dose makes this correlation poor. The average values 
obtained in this study are 40.9 mg. of extra “nicotinic acid” 
following the short period of acid hydrol^^sis, 54.2 mg. after pro- 
longed acid h^^'drolysis, and 73 mg. following alkaline h 3 ^drol 3 ’sis. 
Calculations, based upon the fundamental concepts set forth in 
the preceding paper (1), indicate a total extra excretion of 110 mg. 

® This is due to the fact that nicotinuric acid, although not appreciably 
h3'drol3^zed during the short period of acid h3^drol3’sis, reacts directl}" with 
the reagents to give a color the intensit}’ of which is equal to 62 per cent 
of that obtained with an equivalent amount of nicotinic acid. The value 
obtained after prolonged acid h3"drol3"sis, however, does include all the 
voided nicotinuric acid expressed as free nicotinic acid. 
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of nicotinic acid and derivatives, or 22 per cent of the test dose. 
51 per cent of the increased urinary excretion of nicotinic acid is 
in the form of trigonelline, 36 per cent is in the form of nicotinuric 
acid, and only 13 per cent in the form of free nicotinic acid or 
amide. 

Reproducibility of Values for 24 Hour Urinary Excretion of 
Nicotinic Acid and Derivatives before and after Administration of 

Table II 

Reproducibility of Basal V alues* for 24 Hour Urinary Excretion of Nicotinic 

Acid and Its Derivatives 


The results are expressed in mg, per 24 hours. 


Subject 

No. of 
samples 
ana- 
lyzedf 

Values obtained after hydrolysiaf 

i hr.» 4 N HCl 

6 hrs., 4 N HCl 

i hr., 9 N NaOH 

Range 

Average 

standard 

deviation 

Range 

Average 

Standard 

deviation 

Range 

Average 

Standard 

deviation 

C. M. 

4 

2.1- 3.4 

2.9 


1.8- 2.9 

2.4 

0.5 

12-19 

17 

3.3 

E. W. 

16 

1.6- 3.9 

2.8 


1.5- 3.6 

2.5 

mm 

18-32 

24 

4.8 

D. M. 

18 

2.4- 5.5 

3.6 

m 

2.2- 5.2 

3.2 

li 


26 

3.4 

W. R.§ 

10 

5.3- 8.6 




6.6 

1.1 

27-64 

43 

12.2 

H. F.§ 

5 1 



m 

Bi 


3.5 


67 

10.8 


* These were obtained when the diet furnished the sole intake of nico- 
tinic acid and its derivatives. 

t These samples were collected over a period of 6 months and were spaced 
at least 1 week apart. 

{ The significance of the different types of hydrolysis, indicating which 
of the nicotinic acid derivatives is excreted, is explained in the text. 

§ These individuals are habitual smokers, smoking from twenty to 
thirty cigarettes daily. 

Test Dose of Extra Nicotinic Acid — In Table II are summarized 
the results of the analyses of 53 basal 24 hour urine samples from 
five normal individuals. Each sample was subjected to the three 
types of hydrolysis, as indicated. The values, though extending 
over an appreciable range, are within definite limits characteristic 
for each of the subjects. Much of the variation noted is undoubt- 
edly due to no attempt having been made by these individuals to 
follow a constant dietary regime during the urinary collection 
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periods. When the diet and daily routine are maintained con- 
stant, the urinarj" ‘^nicotinic acid*' values are reproducible (1). 
The average basal excretion values listed in Table II have been 
used to correct the total figures obtained when the same individ- 
uals received test doses of nicotinic acid and nicotinamide. The 
results have been plotted (Figs. 1 to 3) as extra urinarj^ ^'nicotinic 
acid" excreted. 

In Fig. 2 are presented the results for repeated determinations 
of the extra urinary excretion of nicotinic acid and its derivatives 
when the normal subject takes the 500 mg. test dose of nicotinic 
acid after eating. The average deviation of the two values in a 
set from its average figure is db9 per cent, with a maximal devia- 
tion of dbl8 per cent. These results indicate that the values ob- 
tained are sufficiently reproducible to make the data in Table I 
valid and allow significance to be attached to the differences in the 
urinaiy excretion of nicotinic acid when varying test doses are 
taken (Fig. 1),. when the test dose is taken by the subject fasting 
rather than after eating, and when nicotinamide is taken in place 
of the free acid (Figs. 2 and 3). 

Correlalion between Urinary ^^Nicoiinic Acid” Values and Size 
of Test Dose — ^The first 24 hour urine samples were collected from 
two normal subjects after they had received varying oral test doses 
of nicotinic acid after the largest meal of the day.^ The extra 
urinary excretions of nicotinic acid and derivatives are indicated in 
Fig. 1, Only small amounts of these pyridine compounds are 
excreted when the dose of extra nicotinic acid is 3.4 mg. per kilo of 
body weight. In these tests the extra urinarj" ^'nicotinic acid” 
values (with calculations made to convert the results obtained 
after hydrolysis into absolute quantities of the nicotinic acid de- 
rivatives) account for only 3 and 5 per cent of the test doses. With 
larger test doses there is not only an absolute increase in these 
urinary pyridine compounds but also a marked augmentation in 
the percentage of the test doses excreted. Thus, when the dose 
of extra nicotinic acid was 9.4 mg. per kilo of body weight, the 
urine values accounted for 25 and 14 per cent of the test dose. 

Urinary Excretion of Nicotinic Acid and Its Derivatives When 
Test Dose Is Taken by Fasting Subject, Difference in Urinary 

• Approximately 10 days were allowed to lapse between each of the 
periods when the test doses were taken. 
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Excretion Values When Nicotinamide Is Taken — Test doses of 
nicotinic acid were administered orally to three of the normal 
subjects, but this time the solutions were taken 12 hours after 
dinner and 3 hours prior to breakfast. The results are plotted 
in Fig. 2. For comparative purposes the values obtained when 
these same subjects received the same test doses after eating are 



Fig. 1. Correlation between urinary excretion and size of tbe test dose 
of extra nicotinic acid. The plotted values have been corrected for the 
basal excretions before the test doses were administered. The significance 
of the different types of hydrolysis is explained in the text. 

also presented. It will be observed that there is a marked in- 
crease in the extra urinary “nicotinic acid” values (from 100 to 
300 per cent, when calculations are made to convert the values 
obtained after hydrolysis into absolute quantities of the nicotinic 
acid derivatives). The “flooding” effects, resulting from taking 
the test dose while fasting, are also apparent from the values 
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calculated to yield the per cent of total pyridines excreted as free 
nicotinic acid (or amide); 40 per cent in the present series com- 
pared ^^-ith only 13 per cent when the test dose is taken after 
dinner. 



Fig. 2. Difference in the values for the extra urinary excretion of nico- 
tinic acid and its derivatives when the test dose of nicotinic acid or amide 
is taken immediately after a meal or while fasting. The plotted values 
have been corrected for the basal excretions before the test doses were 
administered. The significance of the different t>"pes of hydrolysis is 
explained in the text. 

When nicotinamide is taken by the same subjects under the 
same expeiimental conditions, the extra urinar}^ ^‘nicotinic acid^’ 
values are generally verj’’ much less" than those obtained when 

’ There is one exception in the series presented. In the case of D. M., 
the extra urinary “nicotinic acid” value, when calculations were made to 
convert the results obtained after hydrolysis into absolute quantities of 
the nicotinic acid derivatives, was appreciably greater following the use of 
nicotinamide as the postprandial test dose. This was due to the rela- 
tively much greater excretion of trigonelline. 
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nicotinic acid constitutes the test dose (Fig. 2). From 80 to 90 
per cent of the extra nicotinic acid in the urine is calculated to be 
present as trigonelline. No appreciable difference in the urine 
values is obtained when the test dose of nicotinamide is taken by 
the subject after eating or while fasting. 

Rapidity of Conversion of Nicotinic Acid into Nicotinuric Acid 
and Trigonelline Following Its Oral Administration, and Prompt 
Excretion of These Compounds — Fractional urine samples were 



Fig. 3. Partition of the 24 hour extra urinar 3 ’^ excretion of nicotinic acid 
and its derivatives by the same normal subject receiving 500 mg. of nico- 
tinic acid or its amide orally immediately after a meal or while fasting. 
The plotted values have been corrected for the basal excretions before the 
test doses were administered. The significance of the different tj-'pes of 
hydrolysis is explained in the text. 

collected during the first 24 hours after the oral administration of 
test doses of nicotinic acid or nicotinamide to the normal subject, 
W. R. (Fig. 2), and analyzed separately. The results are pre- 
sented in Fig. 3. When the 500 mg. sample of nicotinic acid was 
taken orally by the subject, either before eating or while fasting, 
there was a prompt increase in the urinary “nicotinic acid” values. 
Practically all the excreted pyridines ai’e voided within 4 hours 
after administration of the test dose; the maximal excretion is 
within the 1st hour. When the same quantity of nicotinamide is 
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taken as the test dose, a more gradual and much smaller excretion 
of nicotinic acid and its derivatives is observed. In all cases there 
occurs a prompt and continuous conversion of nicotinic acid to 
nicotinuric acid and trigonelline. The blood values associated 
with these urinary ‘‘nicotinic acid” figures are presented in Fig. 1 
of the following paper (5). The only curve of urinary excretion 
which fails to parallel the blood values is that obtained following 
the administration of the oral test dose after eating. The reason 
for this is discussed elsewhere (5). 

SUMMARY 

Trigonelline is a normal constituent of urine; nicotinuric acid 
is not. The basal 24 hour urinary “nicotinic acid” values ob- 
tained in a study with eleven weU nourished individuals varied 
from 1.7 to 29.3 mg. Because of the demonstrated non-specificity 
of the method the true nicotinic acid values are believed to be in 
the neighborhood of the lower normal range. In addition, the 
average excretion of nicotinic acid as trigonelline amounts to 
approximately 60 mg. per 24 hours. The oral postprandial 
administration of the test dose of 500 mg. of extra nicotinic acid is 
followed by a rapid and marked increase in the urinary “nicotinic 
acid” values, almost all of the excreted pyridine being voided 
within the first 4 hours. The maximal excretion occurs during the 
1st hour after the test dose is taken. On the average 110 mg. 
(22 per cent) of the test dose of nicotinic acid are excreted, 51 per 
cent in the form of trigonelline, 36 per cent as nicotinuric acid, and 
13 per cent as free nicotinic acid or amide. The percentage ex- 
cretion of the test dose varies directly with the size of the dose. 
There is an increase of from 100 to 300 per cent in the extra urinarj^ 
excretion of nicotinic acid and derivatives over that following 
postprandial doses when the nicotinic acid is taken while fasting. 
In either case there is a prompt and continuous conversion of 
nicotinic acid to nicotinuric acid and trigonelline. 

When nicotinamide constitutes the test dose, the extra urinary 
“nicotinic acid” values are generally very much less and indicate 
no appreciable difference arising from the relation of dosage to the 
meal. Also, the rate of excretion of the nicotinic acid and de- 
rivatives is much more gradual, with trigonelline accounting for 
from 80 to 90 per cent of the excreted P 3 ridine. The values before 



156 


Normal Nicotinic Acid Excretion 


and after the administration of the test doses are sufficiently 
reproducible to justify the conclusions drawn. 
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FACTORS AFFECTING THE CONCENTRATION AND DIS- 
TRIBUTION OF NICOTINIC ACID IN THE BLOOD* 

Br DANIEL MELNICK,t WILLIAiM D. ROBINSON, t and HENRY 

FIELD, Je. 

{From the Department of Internal Medicine^ Medical School^ University of 

Ann Arhor) 

(Received for publication, July 11, 1940) 

A simple chemical method for the determination of nicotinic 
acid (or nicotinamide) in blood has been reported (1). The 
present report deals with the stability of nicotinamide in blood, 
specificity of the procedures, the range of values for normal adults, 
and the distribution of the compound between the plasma and 
eoipusculaf elements. T3T)ical blood nicotinic acid tolerance 
curves, following the administration of the compound (or nicotin- 
amide) through various routes, are presented. Such studies with 
normal and pellagrous indi'vdduals may lead to the development 
of a procedure for the laboratory diagnosis of nicotinic acid 
deficiency. 

EXPERIMENTAL 

Stability of Nicotinamide in Blood — To each of the 10 cc. of 
oxalated blood samples in three separate series 100 7 of nicotinam- 
ide were added. In the first series sterile blood was used, the 
amide being added aseptically; in the second group no aseptic 
precautions, other than the use of chemically clean apparatus, were 
employed; and in the last series the samples with and without the 
added amide were pipetted into the concentrated hydrochloric 
acid, as described in preparing the samples for h3^drolysis (1). 
The samples stored at 5 - 8 °, were tested dail3' for nicotinic acid 

* The expense of this investigation was defrayed by grants from The 
Upjohn Companj”, Kalamazoo, and from the Horace H. Rackhara School 
of Graduate Studies, Universit 3 " of AGchigan. 

t Upjohn Fellow in Clinical Research, 1937-41. 

t Upjohn Fellow in Clirucal Research, 1938-40. 
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according to the published procedure (1). In all cases the values 
remained constant over a period of 5 days^ with the theoretical 
recoveries of the added nicotinamide obtained. 

Effect of Recently Ingested Meal, Coffee, and Smoking upon 
Blood Nicotinic Acid Level — Inasmuch as these factors have been 
shown to influence the excretion of nicotinic acid, its derivatives, 
or the pyridine compounds, which are included in the urinary 
'‘nicotinic acid” values (2), tests were carried out to determine 


Table I 

Negligible Effect of Recently Ingested Meal, Coffee, and Smoking upon Blood 

Nicotinic Acid Level 


Subject 

Experiment 

Blood nicotinic 
acid 



mg* per cent 

D. M. 

14 hrs- fasting , 

0.68 


4 after dinner, 10 hrs. after lunch 

0.59 


14 fasting 

0.64 


1 hr. after drinking 4 cups of coffee (no eating 
or smoking) 

0.68 

W. R. 

14 hrs. fasting 

0.59 


4 '' after dinner, 10 hrs. after lunch 

0.62 


14 '' fasting 

0.62 


1 hr, after drinking 4 cups of coffee (no eating 
or smoking) 

0.69 


14 hrs. fasting 

0.64 


Immediately after smoking 10 cigarettes con- 
secutively (no eating or coffee drinking) 

0.59 

D. L. 

14 hrs. fasting 

0.72 


Immediately after smoking 10 cigarettes con- 
secutively (no eating or coffee drinking) 

0.73 


their influence upon the blood values. The results, presented in 
Table I, indicate that the blood nicotinic acid values are unaffected 
by any of the experimental procedures. However, the tests 
with alkaline (9 n) hydrolysis of the blood samples for the estima- 
tion of trigonelline which might be present were inconclusive. In 
such analyses turbidities, that could not be corrected for, developed 
in the final solutions. Also, similar tests with trigonelline added 

* Tests for the stability of nicotinamide in blood, stored for more than 5 
days, were not conducted. 
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to tlie samples failed to show any appreciable conversion of the 
betaine to the nicotinic acid-like reacting substance. Thus, tri- 
gonelline ma}" have been present but this method for its estimation 
is not applicable to blood. 

Blood Nicotinic Acid Values of Normal Adults — Blood samples 
were collected from twenty-five males and thirteen females in the 
postabsorptive state. The results of the analyses are presented 
in Table II. Tlierc was no correlation between the values and the 
subjects’ dietar}’* and smoking habits. The slightly higher con- 
centrations of nicotinic acid in the blood of men ma}’' be due to 
comparably greater hematocrit values; approximately 90 per cent 
of the total nicotinic acid is in the corpuscular elements of the blood 
(Tables III and 1^0* The values listed in Table II are consider- 
ably greater than those ol)tained by other chemical procedures 


Table II 

Concenirntion of Nicotinic Acid in Blood of Normal Human Adults 


No. of Bubjecte 

Scr 

Range 

Average 

Standard 

deviation 



m^. jxr emt 

mg, per cent 

mff, per cent 

25 

M. 

0.51-0. S3 

0.60 

±0.07 

13 

F. 

0.52-0.71 

0.G2 

±0.06 


(3-5) but in good agreement with the biological method of Lwoff 
and associates (6, 7). Our procedures of direct acid hydroh'sis 
of the blood followed by preferential charcoal adsorption of the 
pigments eliminates loss of nicotinic acid due cither to inadequate 
methods of extraction (4), improper charcoal decolorization (3, 5), 
or to use of protein precipitants (3, 5) in the preparation of filtrates 
suitable for hj^'drolysis. Protein precipitants have been shown 
to be effective agents in the precipitation of the nicotinamide- 
containing eoonzymes of the blood (8, 9). The smaller values 
obtained by Axelrod and Eivehjcm (10) may be due to the use 
of a yeast fermentation method which is specific for coenzjnne I 
alone and not for total nicotinic acid. 

The values for the blood nicotinic acid concentration of the 
same sample are reproducible to within db3 per cent of the average. 
However, the figures obtained at different periods with the same 
indmdual following a normal dail}’* routine ma}’ varj^ wddeh' 
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(e.g., 0.59 to 0.76 mg. per cent) but remain always in the normal 
range. Theoretical recoveries of added nicotinamide as nicotinic 
acid are consistently obtained. Tests with pure coenzyme P 
added to blood also give quantitative recoveries of the pyridine 
moiety as nicotinic acid. The plasma values, which approximate 
the lower limit of sensitivity of the method, are rcprodticible only 
to within ±15 per cent of the average. 


Table III 

Concentration of Nicotinic Acid in Normal Blood and Plasma and Its 
Distribution between Plas77ia and Corpuscles 


Subject 

Hematocrit 


Nicotinic acid 


Per cent blood 
nicotinic acid 

Blood* 

Plasma* 

Corpusclesf 

in corpusclest 

W. R. 

per cent 

43.0 

mg, per cent 

0.68 

mg, •per cent 

0.21 

mg, per cent 

1.30 

per cent 

82 

E. W. 

42.3 

0.67 

0.10 

1.44 

91 

H. W. 

44.4 

0.67 

0.13 

1.35 

90 

G. S. 

43.0 

0.74 

0.13 

1.56 

90 

N. A. 

43.1 

0.79 

0.20 

1.58 

86 

D. M. 

43.6 

0.76 

0.11 

1.60 

92 

D. L. 

42.2 

0.79 

0.22 

1.56 

84 

H. H. 

43.3 

0.79 

0.24 

1.50 

82 

C. W. 

43.7 

0.69 

0.05 

1.51 

96 

Average.. . 

43.2 

0.73 

0.15 

1.49 

89 


* Obtained by direct chemical analyses, 
t Calculated from 

Blood value — (plasma value X (1 — hematocrit)) 
Hematocrit 

with the hematocrit expressed as a fraction. 
t These were calculated from 

Corpuscle value X hematocrit 
Blood value 


Distribution of Nicotinic Acid in Blood — In Table III are pre- 
.sented the values obtained with nine normal subjects for the 
concentration of nicotinic acid in the blood and plasma of the 
same sample. Calculations indicate that approximately 90 per 

2 The authors are indebted to Dr. C. A. Elvehjem and Dr. M. A. Lipton 
of the University of Wisconsin for furnishinR them with the pure coenzyme 
I preparation. 
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cent of the blood nicotinic acid is in the corpuscles. This confirms 
the obsen^ations made by Kohn and Beraheim (11) and Dorfman 
and associates (12) using bacterial gro^'th methods. 

Inasmuch as most of the blood nicotinic acid is in the cells, the 
influence of pathological variations in the hematocrit upon the 

Table IV 


Conncnfrah'on of Nicotinic Acid in Bloodj Plasmaj and Corpuscles of Subjects 
with Ahnnnyial Hematocrit Values 




Hema- 

tocrit 

Nicotinic acid 

Per cent 
blood 
nicotinic 
in acid 
corpus- 
cles* 

Subject 

Status 

Blood* 

Plas- 

ma* 

Cor- 

pus- 

cles* 


Normal (averages)t 

per 

cent 

43.2 

Ver 

cent 

0.73 

mg, 

per 

cent 

0.15 

mg. 

per 

cent 

1.49 

per cent 

89 

AY. P.J 

Chronic hypochromic anemia 

25.0 

0.52 

0.07 

1.84 

90 

C. 0. 

tt tt ti 


0.69 

0.22 

2.04 

77 

B. A. 

tt tt tt 


0.76 

0.17 


84 

F. J.J 

tt tt tt 


0.65 

0,13 

1.84 

86 

A. B. 

tt tt tt 


0.71 

0.07 

1.8S 

93 

L. F.t 

* ‘ b 3 'perchromic * * 


0,43 


2.32 

88 

E. K.t 

tt tt 

29.8 

0.58 

0.11 

l.GS 

86 

E. M.t 

tt tt tt 


O.Co' 

0.10 

1.76 

91 

C. H. 

Polj'cj'themia vera 


0,94 

0.15 

1.67 

93 

K. K. 

tt tt 


0.89 

0.11 

1.53 

94 

H. H.t 

C< Cf 


■min 

ESB 

BlEw 

94 

E. E. 

tt tt 

I 60.2 

1.00 

0.10 

1.59 

96 


* The same explanatory statements, added as foot-notes to these 
columns in Table III, apply here also. 

t See Table III for the individual values averaged to obtain these normal 
figures. 

X The blood from these patients was furnished through the kindness of 
Dr. T. K. Gruber and Dr, R. H. Lj'ons of the Eloise Hospital, Eloise, 
Michigan, 

total blood value and upon the distribution of the compound was 
studied. The results are presented in Table IV. When the 
hematocrit is low, there is no parallel decrease in the total blood 
nicotinic acid values. This is due to an appreciable increase in the 
concentration of the nicotinic acid in the corpuscles. When the 
hematocrit is high, there is a passive increase in the total blood 
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nicotinic values due simply to the greater number of cells; the con- 
centration of the compound in the corpuscles remains practically 
in the normal range. 

Nicotinic Acid Tolerance Curves — Typical serial blood and 
plasma® values obtained after the administration of test doses of 


3 dlooii values- 370 mo. nkofinamiJe 
iafravenously 

o — o B/ood values; 500 ma. nicofintc 
acid oraliji white fas-ting 
® — o Plasm values associated u/ifto — Gj 

/ 2 >—i£i Blood values; 500rhQ. nicotinic 
acid oraljy after Ineal 

A--A Plasma values associafed wiHi/st- <&! 
H emafocrifs = ^ (-3^) 







0 I A 3 8 IS. IG AO M 

Hours af'ter adminisiraf/on of Jose 


Fig, 1. Influence of the mode of administration of the test dose upon the 
nicotinic acid tolerance curve. Values for concomitant urinary excretion 
will be found in Fig. 3 of the preceding paper (14). 


nicotinic acid and nicotinamide to the normal subject are plotted 
in Fig. 1. A difference in the curves is noted when the test dose is 
administered after eating compared with administration of 

3 Because of the possibility that the erythrocytes in vitro can synthesize, 
the nicotinamide-containing coenzymes (13), the bloods were centrifuged 
immediately after collection to yield the plasma samples for the analyses. 
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nicotinic acid in the postabsorptive state. In the former case 
there is a slow increase in the blood values, with the maximum at 
3 houm after the test dose is taken. In the latter case the maximal 
value is not only much greater but also occurs very much sooner — 
during the first half hour period. The plasma values show an 
even greater increase but return promptly mthin 2 hours to the 
basal range. Practically the same curs’es were obtained when 
nicotinamide constituted the test dose. This similarity in blood 
levels, after nicotinic acid and nicotinamide ingestion, is in 
marked contrast to the much lower urinarj’' excretion following 
administration of the latter (14). 

The pemistence in the elevation of the blood values, after the 
plasma values returned to normal, is probably due to the imion of 
the nicotinic acid (or amide) in the red blood cell with other com- 
pounds to form a complex which does not readily leave the cell. 
Kohn and lOein (13) have already demonstrated that the eryth- 
rocytes both in vitro and in vivo can s^mthesize the nicotinamide- 
containing coenzymes from free nicotinic acid, while von Euler 
and associates (15) have shown that these compounds are retained 
in the cells and are not excreted into the urine. It seems likeh" 
that a gradual sjmthesis of the coenz^mies occurs when nicotinic 
acid (or nicotinamide) is taken after eating. This would explain 
the appearance of the maximal blood value fully 2 hours after the 
maximal urinary excretion of the compound (14) and after the 
subsidence of the attendant flushing reactions. Such an inter- 
pretation is supported b 3 ’' the correlation of the nicotinic acid 
curve for plasma (free nicotinic acid) with the urinaiy^ excretion 
and flushing reactions. 

We have used nicotinamide for parenteral administration be- 
cause of the unpleasant side reactions which follow the admini.st ra- 
tion of the desired doses of nicotinic acid. In the experiment 
plotted in Fig. 1 the amide was injected intravenously at a dose of 
5 mg. per kilo of body weight.** The relatively’' small increase in 
the blood nicotinic acid and the prompt return to the basal level 
cannot be explained by’' rapid excretion of the compound; only 10 
per cent of the test dose was found in the urine and most of that 
(94 per cent) as trigonelline. 

* Such a dose is equivalent to about 9 times the total quantity (free and 
combined) of nicotinic acid in the blood. 
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In the curves plotted in Fig. 1 the blood values returned to the 
basal levels well within 24 hours after single doses. When the 
normal subject receives repeated doses of the compound for an 
appreciable period of time the elevated blood levels persist long 
after dosage has ceased. In Fig. 2 are plotted both the blood and 
plasma values obtained at the same time for a normal subject who 
received nine 200 mg. oral doses of nicotinic acid, one every 2 
hours. The experimental routine is exactly the same as that used 


uicoltnic acid laKen 
orallij everjj 3. hours 

^Tofal = l 8 D 0 mj./lsf |6finsJ 


o.ao 



0—0 Blood values 
X— X Plasma values 

HemafocTifs=4a%(^/) 








Q ( Q. 3 f 5 G 7 S ^ 10 
PajjS 


Fig. 2. Persistence in the elevation of the blood nicotinic acid values 
long after the subject had received repeated oral doses of extra nicotinic 
acid. 


by Axelrod, Gordon, and Elvchjem (16) in following the changes in 
the coenzyme I content of the blood. They observed an increase 
in this compound of from 152 to 310 per cent, the peak value occur- 
ring 3 days after the first dose. In our experiments with three 
subjects, the peak value® was always associated with the first 

® For comparative purposes, only the increases in the concentration of 
nicotinic acid in the corpuscles should be compared with the reported in- 
crements of coenzyme I, since the latter is entirely in the erythrocytes. In 
our experiments there was an average maximal increase of 50 per cent in the 
corpuscular nicotinic acid concentration. 
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blood sample taken after dosage ceased. This difference may be 
due to the determination in our experiments of total nicotinic 
acid, wliercas in theirs only the concentration of one of the nico- 
tinamidc-containing coenzymes was estimated. The persistence 
of the elevated blood values (above 0.90 mg. per cent) is confirma- 
toiy of the findings reported by the Wisconsin group (16) and by 
Kohn (17). The investigations from these other laboratories in 
which unrelated methods were used have shown the higher blood 
values to be due to a greater concentration of the nicotinamide- 
containing coenzymes in the erj^throcytes. In our .studies, no 
significant change was found in the plasma values during and 
immediately folIo\ring dosage. The only increase occurred during 
the period coinciding with the marked drop in the nicotinic acid 
values for whole blood. This was observed in two of the three 
experimental subjects; its significance requires further study. 

siraiiMAnv 

Nicotinamide is stable in blood, stored at 5-8°, for a period of at 
least 5 days. The values for nonnal male adults varj" from 0.54 
to 0.83 mg. per cent, with an average of 0.69 mg. per cent; for 
female adults the range of values extends from 0.52 to 0.74, with 
an average of 0.62. Approximately 90 per cent of the total blood 
nicotinic acid is in the corpuscles. In anemic blood samples the 
corpuscular nicotinic acid concentration is sufficiently high for the 
whole blood values to tend to remain in the normal range. In 
pob'cythemic bloods, there is a passive increase in the whole 
blood values due simply to the greater number of cells. A recently 
ingested meal, coffee drinking, and smoking do not affect appre- 
ciably the blood nicotinic acid values. TOien an oral test dose of 
nicotinic acid is taken by the fasting subject, there is a prompt 
increase in the blood values to a maximum, followed by a rapid 
return to ^''alucs somewhat above the basal level. These changes 
are reflected in the urinarj^ excretion figures. T\Tien the oral test 
dose of nicotinic acid is taken after eating, there is a slow increase 
in the blood nicotinic acid values, the maximum appearing full}’' 
2 hours after the maximal urinary excretion of the compound. 
The plasma (free nicotinic acid) values and not the whole blood 
figures coincide vith both the extent of the urinaiy excretion of 
nicotinic acid and the severity of the unpleasant side reactions 
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associated with taking nicotinic acid. When the normal subject 
receives repealed doses of the compound, the elevated blood levels 
persist long after dosage has ceased. There is a similarity in blood 
levels after nicotinic acid and nicotinamide ingestion; this is in 
marked contrast to the much lower urinary excretion following 
administration of the latter. Reproducibility data and recovery 
experiments with added nicotinamide and coenzyme I support the 
validity of the method and justify the conclusions drawn. 
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The chemistry of cephalin does not have the satisfactory agree- 
ment with theory which characterizes that of lecithin. The identi- 
fied cleavage products of cephalin differ from those of lecithin 
only in the t^^ie of fatty acid and base present. The work of 
isolation and identification of these cleavage products has been 
thoroughly reviewed in the monographs by MacLean and Mac- 
Lean (1) and Thierf elder and IQenk (2). The formula of cephalin 
has been arrived at by analogy wdth the rather w^ell established 
formula for lecithin. This analog}^ would be valid if observed 
data such as elementarj’' analysis and percentage recoverj^ of fatty 
acids fell into line ^vith the postulated formula as is the case with 
lecithin, but in most cases they do not. Rudy and Page (3) have 
obtained evidence of an alcohol-soluble cephalin, analysis of which 
agrees quite closely \\dth values calculated for the accepted for- 
mula. It is the alcohol-insoluble comnound, however, to which 
reference is herein made. 

Cephalin appears to behave in a different manner from lecithin 
both in vivo and in vitro. It plays an important role in blood 
coagulation (4), while lecithin is totally inactive. It acts as an 
antioxidant, while lecithin does not (5). Sinclair (6) has sho^vn 
that there are apparently two types of phospholipid, one which 
takes part in active metabolism and one which is structural or 
fundamental. As an example, the phospholipid of the red blood 
cells is mainly cephalin (probably structural) while that of plasma 

* The data in this paper are taken from the thesis submitted to the Divi- 
sion of Graduate Studies of The University of Rochester in partial fulfil- 
ment of the requirements for the degree of Doctor of Philosophy. 
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is for the most part lecithin (probably metabolic). Because of 
the physiological importance of cephalin, it becomes increasingly 
important to know the reason for these differences as a possible 
explanation of its unique biological and chemical behavior. 

The first question to be answered is whether the failure of 
cephalin to give theoretical figures is due to the presence of impuri- 
ties. It is extremely difficult to purify cephalin, especially since 
the other accompanying lipids have similar solubilities. Table I 
shows clearly that small amounts of accompanying lipid impurities 
are not responsible for the divergence of theoretical from observed 
figures. Furthermore, by this method of cephalin preparation 
the other lipid material is removed almost entirely, as well as 


Tabi/E I 

Analytical Figures for Cephalin, Observed and Theoretical, Together with 
Figures for Other Phospholipids and Cerebrosides 


Material 

O 

H 

N 

P 


per cent 

per cent 

per cent 

per cent 

Cephalin, observed* 



1.67 

3.59 

theoretical for stearyl- 

linoleyl 



1.88 

4.16 

Lecithin, stearyl-linoleyl 

G5.75 

10.71 

1.74 

3.86 

Sphingomyelin, lignoccryl 

67.72 

11,53 

3.37 

3.88 

Ccrebrosidc, nervone 

71.13 

11.33 

1.73 



* Averages from the literature (7-10, 3). 


water-soluble impurities which may have been adsorbed on the 
cephalin molecule. 

The amino nitrogen values obtained indicate that a very small 
amount of other lipids is present. In general, 90 per cent or more 
of the total nitrogen was in the amino foian with a usual variation 
of 5 per cent and an extreme of 20 per cent. 

The second question is whether or not the presence of a group 
or groups capable of conferring on cephalin its observed proper- 
ties could be demonstrated; this has been done. 

EXPERIMENTAL 

Preparation of Cephalin — The method of isolating the cephalin 
from tissues was based on a method of Bloor (11). Inasmuch as 
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this procedure was used throughout the investigation, a specimen 
run will be given. 5 pounds of beef brains were freed of blood 
vessels and adhering tissues, cut up, run through a meat grinder, 
stirred up in 6 liters of 95 per cent alcohol, and allowed to stand 
overnight in the refrigerator. The next morning the mixture was 
warmed to 50° and filtered. The tissue was then divided into 
four portions. Each portion was extracted with boiling 95 per 
cent alcohol for 3 houi-s. 400 cc. of alcohol were used which was 
renewed hourly so that each portion was extracted wth a total 
of 1200 cc. 

The alcohol extracts, including the original filtrate, were com- 
bined and all the alcohol distilled off under reduced pressure, care 
being taken not to let the temperature rise above 60°. The residue 
was in the form of a watery emulsion. This was extracted three 
times with petroleum ether. Moist ethyl ether was occasionally 
employed because the tendency to form emulsions was much less. 
The petroleum ether solution was precipitated vdth 3 volumes of 
acetone and the precipitate centrifuged off. After removal of 
the filtrate, the precipitate was scrubbed mth acetone until no 
further coloring matter dissolved in the acetone. The acetone- 
insoluble material was dissolved in a minimal amount of petroleum 
ether and placed in the ice box overnight. Any white matter was 
centrifuged off. The solution was then reprecipitnted with ace- 
tone, redissolved in petroleum ether, and the white matter allowed 
to settle out overnight in the cold. Three precipitations 'srith 
acetone were carried out, followed by three precipitations with 
absolute alcohol; additional sphingom^^elin and cerehrosides were 
allow^ed to settle out. After the 6th night of settling in the cold 
in petroleum ether solution, no more white matter could be ob- 
tained, Analysis of this material gave carbon 60.1, hydrogen 8.99, 
nitrogen 2.04, phosphorus 3.46,^ amino nitrogen 2.02 (12), ash 12.0, 
and iodine number 75 (13, 14). The yield was 44 gm. 

Brain cephalin was a very h3’'gi-oscopic, light colored powder, 
which darkened and quickly became sticky on exposure to air 
and moisture. Samples had most of their nitrogen in the amino 
form and gave 60 to 70 per cent fatty acids. The iodine number 
ranged from 65 to 100. Both beef heart and liver gave compounds 

' The microanalyses were carried out by Dr. L. T. Hallet of the Kodak 
Research Laboratories. 
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which, compared to brain cephalin, were much more highly 
colored; their phosphorus was much higher and, as would be 
expected, their fatty acid content was much lower. 

The occurrence of cephalin split-products in the liver cephalins 
was shown by a simple fractionation. Upon purification of the 
liver cephalin by emulsification with water, precipitation with 
hydrochloric acid, and shaldng out with petroleum ether, a mate- 
rial was obtained (see Table II, Liver Fraction I) which differed 
markedly from the original material. On acetone precipitation 


Table II 

Comparison of Analytical Figures of Cephalin froni Various Sources. Effects 
of Various Procedures on Analytical Data 


Material 

C 

H j 

N 

P 

I No. 

Fatty j 
acids 

Aflh 


per cent 

per cetH 

per cent 

per cent 


per cent 

per ctnl 

Heart 

55. n 

8.23 

1.55 

4.12 

65.3 



Liver 

51.52 

7.43 

1.88 

3.31 

69.1 

59.0 


Fraction I 

57.32 

8.18 

1.25 

3.20 

90.3 

69.0 


“ “ II 

51.8 

7.43 


4.23 

38.6 

43.4 


Brain, original 

GO.l 

8.99 

2.04 

3.46 

75.0 


12.0 

treated 

62.0 

9.39 

1.85 

2.93 




“ acctonc-pptd 

60.0 

9.12 

2.08 

3.38 




“ hydrolyzed 

73.26 

10.83 

0.44 





Calculated for oleic 








acid 1 

76.95 

12.07 






Brain, reduced 

60.65 

9.15 

1.75 

2.97 

27.0 


13.4 

** rcprocipitatcd 

61.10 

9.85 

1.14 

3.89 




Calculated for distcaryl i 








cephalin, C41H82NPO8. 

65.73 

10.98 

1.87 

4.15 


76.0 



of the emulsified cephalin, another fraction (sec Table II, Liver 
Fraction II) was obtained which differed both from Liver Frac- 
tion I and from the original. 

To produce any change in brain cephalin by this procedure, it 
must be sufficiently rigorous to hydrolyze the material partially. 
For example, the sample of brain cephalin whose analytical figures 
have already been given was emulsified with water and then pre- 
cipitated by the addition of 3 to 4 volumes of water and a little 
hydrochloric acid. A sample of this material was then shaken for 
43 hours with acidulated (5 per cent HCl) water. It was then 
filtered, scrubbed with acetone, and dissolved in petroleum ether 
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(see Table II, brain, treated). Upon precipitation with acetone, 
the analytical figures w’ere almost identical with the original 
material (see Table II, brain, original versus acetone-precipitated). 
Thus the portion of this material w'hich had not been hydrol 3 "zed 
W’as unchanged. There w^as no fractionation, as occurred in liver 
and also in heart ccphalins. The petroleum ether-soluble portion 
(Table II, brain, h^^drolyzed) gave a phosphorus-free material 
with negligible nitrogen content of wiiich the carbon and h^’^drogen 
values are like those for the higher fattj' acids; for example, those 
of oleic acid w’hich are included in Table II for compaiison. 

Reduced Cephalin — 3 gm. of cephalin from the brain w’ere dis- 
solved in 100 cc. of a mixture of half and half c^’^clohcxane and 
glacial acetic acid. 0.2 gm. of Voorhces and Adams^ platinum 
oxide catal 3 ’’st (15) w^as added and the reaction vessel continiiousl 3 ^ 
shaken until the solution no longer took up h 3 "drogen. This took 
about 7h hours. The solution was heated to dissolve the reduced 
cephalin completely and to coagulate the catal 3 *st. The solution 
was filtered hot. This material had an iodine number of 5.2. 

A second batch of 9.79 gm. of cephalin wdth 0.55 gm. of cataU^st 
W’as allow’ed to reduce for 3 days. At this time the reaction was 
stopped and the material filtered. It was not complete^’' reduced 
(iodine number 27), although in its ph 3 '’sical properties it was 
similar to the other sample. A fraction was obtained by repre- 
cipitation from hot chloroform with methyl alcohol which gave 
increased phosphorus and decreased nitrogen values (see Table II). 
The calculated figures for distear 3 d cephalin are included for 
comparison. 

Reduced cephalin is a white, non-h 3 ’’groscopic material imlike 
the S 3 mthetic saturated cephalin of Griin and Limpacher (16) 
and of Kabishima (17), which in both cases is referred to as being 
quite h3’'groscopic. It is much less soluble than the unreduced 
compound, although in its composition no great differences could 
be detected. It is soluble in cyclohexane, toluene, hot glacial 
acetic acid, and hot chloroform; somewhat soluble in ether and 
petroleum ether; and insoluble in alcohol and acetone. Having 
no double bonds, it is exceedingl 3 ^ stable. It melts betw'een 
156-162°. It is, however, amorphous, as shown b 3 ’' its x-ray 
diffraction pattern. In water-clear chloroform solution, it gives 
a Tyndall effect. 

While the e.xistence of more than one type of cephalin has been 
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demonstrated (3, 18), in the classical, alcohol-insoluble cephalin 
more groups than have been already isolated can be demonstrated. 
The additional group or groups do not appear in the fatty acid 
fraction, which is already low. Therefore, they must be sought 
in the water-soluble fraction of the molecule. This hypothesis 
is strengthened by the ultimate analyses of the compound, since 
the missing portion must be low in carbon and hydrogen, rich in 
oxygen, and therefore probably water-soluble. 

The water-soluble fraction was first tested with qualitative 
sugar reagents. When cephalin is hydrolyzed with dilute sulfuric 
acid, the water layer may or may not reduce alkaline copper 
reagents. However, if the solution is allowed to stand for a suffi- 
cient time, it will always reduce these reagents. For this reason 
the presence of sugars was at once suspected. The water-soluble 
hydrolysate was strongly positive with the hot iodoform reaction 
and with Fehling’s solution. Positive reactions were obtained 
from a-naphthol, thymol, and Benedict’s solution. Orcinol 
(Bial’s test) once gave a positive test on standing but was usually 
negative. The cold iodoform reaction was positive. Naphtho- 
resorcinol (Tollens’ reagent) gave a somewhat atypical positive 
test for glucuronic acid. Aniline acetate paper (furfural test) 
was positive on 5 to 10 minutes heating with concentrated HCl. 
Codeine phosphate (Deniges’ test for glucuronic acid (19)) was 
positive. On the other hand, negative results were obtained from 
the resorcinol (Seliwanoff’s test), p-bromo- and p-nitrophcnyl- 
hydrazine, thiosemicarbazide, and the mucic acid test. Phenyl- 
hydrazine gave an unidentifiable precipitate. 

Although simple sugars must be absent, quantitative measure- 
ments of reduced copper (Bertrand) gave values from 2 to 5 per 
cent calculated as glucose, instead of the expected 18 per cent, 
indicating that the substance responsible for the reduced copper 
was not the primary compound, but the result of a secondary 
reaction. 

The reactions with orcinol, aniline acetate, naphthoresoroinol, 
and codeine sulfate made glucuronic acid a possibility. However, 
no osazone could be obtained. An attempt was then made to 
measure glucuronic acid quantitatively according to the method 
of Dickson, Otterson, and Link (20). The solution of cephalin 
was treated with 12 per cent HCl for 5 hours at 135° and the 
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COj collected in a Truog absorption tower by means of BaCOH)^. 
The excess hydroxide was titrated and the CO 2 calculated from 
the amount of BaCOs formed. 5 per cent CO 2 should have been 
found, assuming a uronic acid to be present. Actually in four 
runs 0.85, 1.23, 0.95, and 1.52 per cent, respectively, were foimd. 
Ob^dously there is no mole to mole relationship. This, taken 
with the fact that no osazone could be isolated, led to the exclusion 
of glucuronic acid. 

In every case, the presence of glycerophosphoric acid interfered 
with the isolation of a derivative when attempts were made to 
form salts of brucine, cinchonine, and quinine, as well as barium, 
calcium, zinc, and lead. On one occasion a brown, caramel-like 
substance was isolated. This substance was soluble in water, 
insoluble in alcohol, reduced Fehling’s solution, and was acid to 
litmus. It could not be further resolved. Small amounts of 
calcium and zinc salts were isolated, but in insufficient quantities 
to give a clue as to the identity of the acids. p-Bromophenacyl 
bromide gave no crystalline derivative. 

An acid-water solution, giving a strong reduction with FeUing’s 
solution, was treated vdth copper sulfate and calcium hydroxide, 
to remove all reducing substances. Following the procedure for 
determining lactic acid (21, 22) a veratrole test was made which 
was positive. Attempts to isolate the aldeh 5 ^de with dimethyl- 
dihydroxycyclohexane gave a precipitate but too little for identi- 
fication, nor could a derivative be obtained with either phenyl- 
hydrazine or its p-nitro derivative. 

DISCTTSSION 

Cephalin, after care has been taken to exclude all known sub- 
stances likely to occur as contaminants, has essentially the same 
elementary analysis as has been reported by other workers. This 
can only mean that some unknovm substance, rich in ox 3 ’’gen and 
free from nitrogen and phosphorus, must be present, either as an 
unpurity extremely difficult to remove, or as a part of the mole- 
cule of cephalin. 

Any contamination from other lipids would not cause the curious 
lowering of all analytical figures simultaneously. Lecithin can 
be obtained with figures which correspond quite closely to its 
formula, whereas cephalin figures are always lower than those for 
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lecithin (Table III). Oxidation does not account for this phe- 
nomenon, for (1) the fatty acid percentage is always too low and 
(2) the reduced cephalin shows the same discrepancy. Cuorin is 
not responsible, for it occurs preformed in liver and heart but not 
in brain. Furthermore, it is not formed during the isolation of the 
cephalin, since the most rigorous treatment given brain cephalin, 
lengthy shaking with 5 per cent HCl, although sufRciently severe to 
hydrolyze the molecule, failed to form any trace of cuorin. This 
points to the presence of an additional unknown compound, rich 
in oxygen. Furthermore, this oxygen-rich compound is of the 
hydroxy acid type. 

Evidence for this type of compound has accumulated. Thus, 
if the acid hydrolysate from cephalin is examined, it is found to 

Table III 


Comparison ielween Observed and Theoretical Analytical Figures for Cephalin 

and Those for Lecithin 


Material 

c 

H i 

N 

P 


1 

1 per cent 

per cent 

per cent 

per cent 

Cephalin, found (brain) 

60.1 

8.99 

2.04 

3.46 

Calculated for stcaryl-linoleyl . . . 

66.04 

10.71 

1.88 

4.16 

Lecithin, found (23) 

65.39 

10.49 

2.07 

3.93 

Calculated for stearyl-linoleyl. . . 

65.75 

10.71 

1.74 

3.86 


contain a reducing substance; the reduction increases on standing. 
If the reducing substance responsible is removed witli a lime-copper 
sulfate mixture, more can be regenerated by treating with cold, 
concentrated H2SO4, suggesting a compound similar to lactic acid. 
This idea that the reducing compound is the result of a secondaiy 
reaction and is not the primary compound in the water layer is 
further emphasized by the fact that CO 2 produced by the treat- 
ment of cephalin with HCl, after the manner of Link, is such as 
to indicate the result of a secondary reaction, 

SUMMARY 

1. Cephalin, after care has been taken to exclude all known sub- 
stances likely to occur as contaminants, has e.ssentially the same 
elementary analysis as has been reported by other workers. 

2, The discrepancy between calculated and actual analytical 
figures may be accounted for by the presence of an additional 
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group or groups, low in carbon and h^^drogen, rich in oxygen. 
Evidence for the presence of such groups has been demonstrated. 

3. Cuorin is not formed during the process of lipid extraction, 
but exists preformed. It is present in heart and liver, but not 
in brain. 

4. Reduced cephalin does not differ from unreduced cephalin 
except in such physical and chemical properties as are inherent 
in its saturation. It is non-hygroscopic. 

The author wishes to thank Professor Walter R. Bloor and 
Professor Harold C. Hodge for criticism and advice. 
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Duke University School of Medicine, Durham, North Carolina) 

(Received for publication, July 1, 1940) 

Riboflavin, which is a vitamin for man (1), various lower animals 
(2-5), and bacteria (6), has been isolated from biological material 
in three forms, flavin nucleoside, i,e. riboflaidn (7), flavin mono- 
nucleotide (8, 9), and fla\dn-adenine dinucleotide (10). The 
mononucleotide in combination with a specific protein forms a 
pyridine nucleotide oxidase (8, 11, 12). The dinucleotide con- 
sists of the mononucleotide combined with adenylic acid, and 
when joined to various specific proteins forms the d-amino acid 
oxidase (10), the xanthine oxidase (13), and pyridine nucleotide 
oxidases (14-16). Since the dinucleotide has more functions and a 
wider distribution, it has been suggested that the mononucleotide 
is derived from it in preparation (14). 

Flavin-deficient diets decrease the tissue level of riboflavin in 
the dog (17) and rat (18-20), and of flavin-adenine dinucleotide 
in the rat (21). Rapid restoration of the dinucleotide level fol- 
lows the administration of ribofla\in to deficient animals (21). 

The object of the present work is to furnish data indicating 
that the cells of normal hiunan blood can synthesize flairin-adenine 
dinucleotide from riboflavin in vitro and in vivo. In addition^ the 
fate of ingested riboflavin, as measured by urinary excretion, has 
been studied. 


EXPERnrCNTAIi 

Assay of Flavin-Adenine Dinucleotide — The method is based 
upon the alanine test of Warburg and Christian (10). Variations 
of the method have been used to measure the dinucleotide concen- 
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tration of animal tissues (21, 22), and in the purification of the 
pyridine nucleotide oxidase (16) and the specific protein of the 
d-amino acid oxidase (23). 

The procedure used in the present study was as follows: 0.2 ml. 
of cells or plasma was added to 1 ml. of water in the well of a 
Warburg vessel. The vessel was immediately placed in a water 
bath at 95-98° and after 3 minutes w'as cooled in cold water. 
0.8 ml. of 0.1 M pyrophosphate buffer, pH 8.3, was added, and the 
contents of the vessel stirred with a rod. Then 4 mg. of a prepa- 
ration of the specific protein of the d-amino acid oxidase dissolved 
in 0.3 ml. of water were placed in the well, and 0.2 ml. of 0.64 m 
dZ-alanine in pyrophosphate buffer in the side arm. Alkali was 
put in the inset. The vessel wms filled ■with oxygen. After tem- 
perature equilibration at 37.5° the alanine was tipped into the well, 
and the rate of oxygen uptake measured during a 30 minute period. 
The amount of dinucleotide in the material "was obtained by a 
comparison of the rate it produced with the rates produced by 
known amounts of the dinucleotide. 

Duplicate determinations were run in all cases. The difference 
between duplicates in the assay of 0.2 ml. of cells was never more 
than 5 per cent, and in the assay of 0.2 ml. of plasma, 25 per cent. 
Nucleotide, in amounts from 0.03 to 0.15 y, added to the water 
before the material to be tested, or after heating, could be deter- 
mined with an error of not more than ±5 per cent. The rate and 
extent of oxidation of 0.5 and 1 mg. of d(— )-alanine in the presence 
of excess dinucleotide (80 7) were not affected by the presence of 
0.2 ml. of heated cells or plasma. These experiments show that 
there is no substance in heated blood which affects the oxidation 
of d(— )-alanine by the d-amino acid oxidase. 

The assay was not changed when the period of heating the 
diluted sample varied from 2.5 to 4 minutes, or when the diluted 
sample was allowed to stand 4 minutes before heating. In addi- 
tion, the assay ■was not changed by adding the material directly 
to hot water. 1 to 2 mg. of potassium oxalate per ml. of blood did 
not affect the assay of cells or plasma. 

That the substance in the cells gi^ving the alanine test is flavin- 
adenine dinucleotide is indicated by the test itself and by the 
following. 100 ml. of cells were mixed with 100 ml. of water. 
Trichloroacetic acid (40 gm. per 100 ml.) was added until no more 
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precipitate was formed. The filtrate from this mixture was 
adjusted to approximately pH 6. 1 gm. of ammonium sulfate 

was added per 2 ml. of solution. The mixture was extracted three 
times with 3 ml, portions of liquefied p-cresol. The cresol extract 
was diluted with 2 volumes of ether and extracted several times 
with small portions of water. The color of the extract was yellow. 
It gave the alanine test. The extract was made just acid to Ck>ngo 
red paper with nitric acid. Silver nitrate was added. The pre- 
cipitate formed was collected and decomposed with hydrogen 
sulfide. The filtrate, which had a yellow color, gave the alanine 
test. No attempt was made to make these experiments quantita- 
tive. They indicate, however, that there is a substance in human 
blood cells that can be extracted with cresol, precipitated with 
silver nitrate in acid solution, and function in the alanine test. 
Fla^rin-adenine dinucleotide has these properties (10). 

The specific protein was prepared from pig kidney by the method 
of Warburg and Christian (10). The amount and purity of the 
dinucleotide standard, prepared from bakers* yeBst as the barium 
salt (10, 14), were estimated with the aid of the Coleman photo- 
electric spectrophotometer equipped with a 10 m/i slit and square 
cuvettes. The barium salt, at a concentration of 12.8 y per ml., 
had an extinction coefficient^ of 0.167 at 450 m^. Pure ribofla\Tn 
(Merck), concentration 10 7 per ml. or 2.66 X 10“^ m, had an extinc- 
tion coefficient of 0.437 at 450 m^. Since ribofla^rin and fla\dn- 
adenine dinucleotide have the same molar extinction coefficient- 
at 450 m^t (10), the calculated concentration of dinucleotide was 
0.167/0.437 X 2.66 10“® m. The molecular weight of the barium 
salt is 920. The calculated concentration of the barium salt was 
9.34 7 per ml. The purity was therefore 9.34/12.80 = 0.73. 

The absolute values reported in this work depend upon the 
purity of the standard. The relative values and the conclusions 
derived from them are independent of the purity. 

Assay of Riboflavin in Urine — By the method emplo3’'ed the 
increment in riboflavin excretion induced b}^ dosage vrith the 

' The extinction coefficient is the logarithm to the base 10 of the recip- 
rocal of the transmission, the diameter of the cell being taken as unity. 
It is proportional to the concentration. 

* The molar extinction coefficient is the extinction coefficient of a molar 
solution. 
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vitamin can be measured. This extra riboflavin was determined 
with the aid of the Coleman photoelectric spectrophotometer 
equipped with a 10 m/x slit and round cuvettes. The theory of the 
determination, based upon standard spectrophotometric prin- 
ciples, is as follows; 

For a sample of urine containing extra riboflavin, let 

(1) E\. = Ri Ui = extinction coefficient of the sample at wave-length I 

(2) Ei = Ri + JJi = extinction coefficient of the sample at wave-length 2 

where Ri and Ri are the extinction coefficients of the extra ribo- 
flavin, and Ui and U 2 the extinction coefficients of the urine alone 
at wave-lengths 1 and 2 respectively. Let 

(3) § = Kr and (4) ~ = Ku 
ll2 U2 

From Equations 1 to 4 it follows that 

Kr 

(5) Ri = - ■ V (Ex - EiKu) 

Kr — Ku 

The concentration of extra riboflavin in the urine is given by 

(6) Concentration of extra riboflavin = X .4 

where A is the concentration of riboflavin per unit of extinction 
coefficient. 

The protocol in Table I contains the data of a typical deter- 
mination. Ri and R 2 were obtained from measurements made 
upon a given sample of urine containing extra riboflavin. Kr and 
A, which are constants, were obtained from measurements made 
upon solutions of riboflavin in water. The measurements needed 
to establish Ku cannot be made upon a sample of urine containing 
extra riboflavin. 

The Ku values used were obtained from measurements made 
.upon urine collected before the ingestion of riboflavin. This 
involves the assumption that Ku is a constant for a given indi- 
vidual during the period of experimentation. This assumption 
seems jus-tified, because the Ku value for a given individual was 
relatively constant from day to day and for different periods of 
the same day. In addition, a change in Ku produces a relatively 
.smaller change in the calculated concentration of exti’a riboflavin. 
In the example given in Table I an increase in Ku from 0.40 to 
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0.50, i.e. of 25 per cent, would decrease the calculated concentra- 
tion from 0.037 to 0.035 mg. per ml, or 5 per cent. The maximum 
difference in the Ku values for the urines of the indi\dduals 
studied was 0.05. 

445 ra/x was chosen as wave-length I, because riboflavin has its 
maximum absorption at this wave-length. Wave-lengths from 
370 to 400 m/i were found suitable for wave-length 2; 390 m/x was 
chosen. All urines were adjusted to pH 5.1 to 5.3 before the 
optical measurements were made. Marked variations in pH, 
e,g. 3 and 8, produce a difference in the extinction coefficients of 


Table I 

Delerminalion of Extra Riboflarin in Urine 



Transiaissioa j 

Extinction, coefficient 

Sample 

4^5 

390 zs;t 

El 

Ei 


445 znp 

390 mp 

Control urine diluted 1:5 j 

0.548 

0.374 

0.187 

0.426 

Urine containing extra riboflavin j 
diluted 1:5 

0.350 ; 

0.410 1 

0.455 

0.387 

Riboflavin in water, concentration 
0.01 rag. per ml. 

0.280 i 

0.431 

0.553 

0.365 


Kr = 0.553/0.365 - 1.51 A - 0.01/0.553 
= 0.187/0.426 - 0.44 = 0,402 


Concentration of e.xtra 
riboflavin in urine 


0.01 

= X 0-:^ 


X 5 = 0.0363 mg. per ml. 


urine, although Ku is not changed appreciably. After the pH was 
adjusted, the urines were suitably diluted, and the measure- 
ments made. 

Ribofla\rin added to urine to produce an extra concentration of 
0.001 mg. per ml. can be estimated with an error of dblS per cent. 
Urine containing 0.0001 mg. per ml. cannot be estimated \\dth 
any reasonable accuracy. The deiriation of the calculated value 
from the theoretical becomes less vrith increasing concentration 
of added ribofia^dn; e.g. ±5 per cent at 0.01 mg, per ml. 

Synthe^ of Flavin-Adenine Dimicleolide in Vitro — Defibrinated 
blood to which Ringer-phosphate solution or Ringer-phosphate 
solution containing ribofla^dn has been added was incubated in 
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stoppered test-tubes at 30-34°; sterile technique was employed. 
After various intervals the material was centrifuged, the cells and 
plasma separated, and aliquots of each were analyzed by the 
procedure described. The experimental details and the results 
are given in Table II. 


Table II 

Effect of Incuhalion with Riboflavin upon Flavin- Adenine Dinucleotide 
Concentration of Human Blood Cells and Plasma 
2 ml. aliquots of defibrinatcd blood plus either 0.1 ml. of Ringer-phos- 
phate solution (control) or 0.1 ml. of Ringer-phosphate solution containing 
riboflavin (experimental) were incubated at 30-34°. At the times indicated 
0.2 ml. of cells and plasma was assayed. 

100 y of riboflavin were added in Experiments 1, 2, and 3; 1 7 in Experi- 
ment 4. The same sample of blood was used in Experiments 3 and 4. The 
blood used in Experiments 1, 2, and 3 was obtained from different indi- 
viduals. 




' Cellfl 

Plasma 

Experi- 

ment 

! 

' Incuba- 
tion 

Control 

1 

Experimental 

Control 

Experi- 

mental 

No, 

! period 

Flavin- 

adenine 

dinucleo- 

tide 

Flavin- i 
adenine 
dinucleo- 1 
tide 

-1 

Change 

over 

initial 

value 

Change 

over 

control 

Flavin- 
adenine 
dinucleo- , 
tide 1 

Flavin- 

adenine 

dinucleo- 

tide 



y ptr mU 1 

y per ml, \ 

per cent 

per cent 

y per ml. \ 

y per ml. 

1 


0.75 

0.75 



0.10 

0.12 



0.72 

0.93 

24 

29 

0.10 

0.10 



0.69 

0.96 

28 

39 

0.10 

0.10 



0.57 

0.69 

-8 

21 

0.08 

0.08 

2 

0 

0.75 

0.79 



0.10 

0.11 


6 

0.67 

0.85 

8 

27 

0.09 

0.11 


11 

0.58 

0.72 

-9 

24 

0.08 

0.09 


24 

0.66 

0.74 

-6 

12 



3 

0 

0.71 

0.71 






24 

0.64 

0.81 

14 

27 



4 

0 

0.71 

0.71 






24 

0.64 

0.75 

6 

17 




The data in Table II show that a substance giving the alanine 
test was formed in human blood cells incubated with riboflavin; 
presumably it was flavin-adenine dinucleotide. The fall in the 
plasma level, which was not affected by the addition of riboflavin, 
was not of suflScient magnitude to account for the increase in 
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the cells. The initial values obtained in the present study are 
compatible mth those found for ox and rat blood (21), 

From an analyiical view-point it is of interest to note that the 
concentration of dinucleotide in the cells and plasma decreases 
with time, and that the presence of ribofla\dn does not affect the 
assay. 

Synthesis of Flavin-Adenine Dimideoiide in Vivo — A control 
sample of blood was taken, after which the subject drank a suspen- 
sion of riboflavin in water. No reactions of any kind were noted. 
At various times thereafter blood samples were taken for analysis, 
and more riboflaAon ingested. The results are presented in 
Table III. 

The data in Table III, Experiments 1 and 2, indicate that the 
level of flavin-adenine dinucleotide in normal human blood cells 
and plasma is fairly constant. In view of the constancy of the 
normal level, the data show that the ingestion of riboflavin pro- 
duced an increase in the flavin-adenine dinucleotide concentration 
of the cells, but not of plasma. The increase was of the same order 
of magnitude as was obtained in vitro. The results in vivo and 
in vitro are in agreement, and indicate that the same process 
occurs in both cases. 

Assuming a cell volume of 3000 ml. for the subject of Experi- 
ment 3, Table III, it can be calculated that 0.32 mg., or 0.14 per 
cent, of the ingested ribofla\dn (226 mg.) was recovered in the 
cells as the dinucleotide. In viirOj in Experiment 4, Table II, 
1 7 of riboflavin was added to blood, of which 0.054 7, or 5 per cent, 
was recovered as the dinucleotide. Increasing the concentration 
of riboflavin 100 times increased the amount of dinucleotide 
recovered to 0.082 7. 

3 or 4 days after the ingestion of riboflavin had been discon- 
tinued, the level of the dinucleotide returned to normal. 

In other experiments, in which 0.1 ml. of finger blood was used 
for assay, similar results were obtained. 

Excretion of Extra Riboflavin in Urine — ^Urine was collected 
during the course of Experiments 1, 2, and 3, Table III, and the 
extra riboflavin content determined by the method described. 
The data for Experiments 1 and 3 are presented in Fig. 1. 

The data in Fig. 1 show that a larger percentage and absolute 
amount of the riboflavin were excreted following successive doses, 
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particularly in the case of the subject of Experiment 1. The dif- 
ferences in the percentage and total excretion represented by 
Curves 1 and 4 indicate a difference in the original degree of 

Table III 

Effect of Oral Ingestion of Riboflavin upon Flavin- Adenine Dinucleoiide 
Concentration of Human Blood Cells and Plasma 
5 ml. of venous blood were taken in 5 mg. of potassium oxalate at the 
times indicated. The blood was centrifuged 25 minutes at 2000 r.p.m. 
0.2 ml. aliquots of cells and plasma were analyzed by the procedure de- 
scribed. The same subject was used in Experiments 1 and 2. The first 
assay in Experiment 2 was made 42 days after the last assay of Experiment 
1; the second assay in Experiment 2 was made 1 day later. 


Experiment 

No. 

Amount of 
riboflavin 
ingested 

Time 

Flavin-adenino dinucleotide 

Cells 

Plasma 

Assay 

Increase 

Assay 


mg. 

hrs. 

y per ml. 

per cent 

y per ml. 

1 

100 

0 

0.81 


0.14 



12.6 






22.2 




' 

10 

24 






35 

0.95 

17 

mSSM 



123 

0.75 

-7 

■SH 

2 


0 

0.83 




50 

0 

0.79 




50 

8 





50 

16 





50 

24 

0.97 

23 

0.12 



30 

0.92 

16 




90 

0.83 

5 




180 

0.80 

1 

0.14 

3 

! 100 

0 

0.74 


0.14 


13 

12.5 





13 

13.5 





100 

24.3 






! 29 

0.96 

30 

0.11 



80 

0.85 

15 




1 192 

0.75 

1 

0.14 


saturation of the tissues of the individuals studied. Of the 210 
to 226 mg. of riboflavin taken by the subjects, approximately 
20 to 25 per cent was recovered in the urine. In Experiment 2 
22 per cent of the ingested riboflavin was recovered in the urine. 
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During the periods of maximum excretion, 0.5 ml. of urine and 
0.5 ml. of saliva were tested for dinucleotide. If any was present, 
its concentration was less than 0.005 y per 0.5 ml. 



Fig. 1. Renal excretion of ribofiavin taken by mouth. The data pre- 
sented by Curves 1, 2, and 3 n'ere obtained with urine collected during the 
course of Experiment 1, Table III; Curves 4 and 5, ndth urine collected 
during Experiment 3. The curves represent the percentage of the ingested 
riboflavin that was excreted in the urine as a function of time. Curve J, 
100 mg. of riboflavin were ingested at 0 hour. At 12.6 hours the excretion 
stopped. The total excretion was 6.9 mg. The maximum rate of excretion, 
2.2 mg. per hour, occurred during the 2nd hour of this period. Curve 
50 mg. more of riboflavin were ingested at 12.6 hours. The concentration 
fell to 0.03 mg. per ml. at 22 hours. The total excretion was approximately 
14 mg. Curve S, 50 mg. more of riboflavin were ingested at 22.2 hours, and 
10 mg. at 24 hours. The portion of the curve from 22.2 to 24 hours is calcu- 
lated on the basis of the 50 mg. dose, the rest of the cur^’e on the basis of a 
60 mg, dose. At 29 hours the excretion had stopped. The total excretion 
was 21 mg. The maximum rate of excretion, 5.9 mg. per hour, occurred 
during the 2nd hour of this period. Curve 4, 100 mg. of riboflavin were 
ingested at 0 hour. The concentration fell to 0.03 mg. per ml. at 12.5 hours. 
The total excretion was approximateb* 28 mg. The maximum rate of 
excretion, 6,0 mg. per hour, occurred during the 3rd hour of this period. 
13 mg. more of riboflavin were ingested at 12.5 hours and 13 mg. at 13.5 
hours. The excretion stopped at 24 hours. Curve 5, 100 mg. more of 
riboflavin were ingested at 24.3 hours. The excretion stopped at 45.2 hours. 
The total excretion was 30,3 mg. The maximum rate of excretion, 4.6 mg. 
per hour, occurred during the 4th hour of this period. 
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That the substance excreted in the urine was riboflavin or a 
product of practically identical properties is indicated by the 
following experiments, (a) The substance could not be extracted 
from acidified urine with chloroform; therefore it is hot allied 
to lumiflavin. (5) After illumination in alkaline solution a sub- 
stance could be extracted with chloroform from acidified urine; 
the optical properties of the chloroform extract were similar to 



Fig. 2. Riboflavin in urine. The curves represent the extinction coeffi- 
cients of the solutions, diluted 1:5, at various wave-lengths. Curve 1, 
urine containing extra riboflavin. The calculated concentration of extra 
riboflavin in the undiluted sample was 0.0115 mg. per ml. Curve 2, extra 
riboflavin. The concentration of the solution was 0.0115 mg. per ml. 
Curve S, urine alone. This is the curve of the sample of urine minus the 
extra riboflavin. Curve 4) control urine. 

those of lumiflavin. (c) Phenol extracts of urine had a yellow 
color, which, following the addition of ether, could be extracted 
with water. The aqueous extract had optical properties similar 
to those of riboflavin. The optical properties of the preparations 
could not be described exactly, because urinary pigment is ex- 
tracted under the same conditions. The presence of lumiflavin 
in the first preparation (6) and of riboflavin in the second (c) was 
indicated by the presence of maxima at approximately 370 and 
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450x0/1. (d) The extinction coefficient of a urine containing extra 

ribofla^nn is the sum of the extinction coefficients of the riboflavin 
and the urine alone. If the extinction coefficients of the calculated 
concentration of riboflavin at various wave-lengths are subtracted 
from the extinction coefficients of the mixture, the extinction 
coefficients of the urine alone are obtained. Data prepared in 
this way are given in Fig. 2. Comparison of the forms of Curves 
3 and 4, Fig. 2, shows that the pigment of a control urine and the 
one containing ribofla^dn are the same. This indicates that the 
substance measured has the optical properties of ribofla\dn. 

niscussiON 

The results obtained in the present work indicate that the level 
of fiaAun-adenine dinucleotide in human blood cells is increased 
by the ingestion of ribofla\dn. Since the phenomenon can be 
obtained in vitro, the synthesis must occur in the blood cells. 
When the administration of ribofla^dn is stopped, the level returns 
to its original value. Although the dinucleotide occurs in plasma, 
its level in the plasma is not affected by incubation vdth ribofla\dn. 

These results may be contrasted with those obtained in the 
synthesis of factor V (pyridine nucleotides) from nicotinic acid 
by human blood cells (24). The factor V concentration, in terms 
of diphosphopyridine nucleotide, is approximately 100 times that 
of the fla\dn dinucleotide. The increase in the concentration of 
factor V produced by the incubation of cells with nicotinic acid is 
of the order of 100 per cent, a larger synthesis than was found in 
the present experiments. The increase in factor V is accom- 
panied by an increase in the ability of the cells to oxidize lactate 
in the presence of methylene blue. This is due, presumably, to 
an increase in the concentration of diphosphopyuddine nucleotide. 
Fla'vdn-adenine dinucleotide is a component of the diphospho- 
pyridine nucleotide oxidase. The increase in the concentration 
of the fla^dn dinucleotide, however, is not accompanied by an 
increase in the ability of the cells to oxidize lactate and glucose 
in the presence of methylene blue. This shows that the concen- 
tration of the dinucleotide is not limiting in the oxidation of these 
substrates. 

The synthesis of diphosphopyridine nucleotide by the cell may 
be pictured as the conversion of nicotinic acid to the amide and 
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then the condensation of the amide, ribose, and phosphoric acid 
with adenylic acid. The synthesis of flavin-adenine dinucleotide 
would involve the condensation of riboflavin and' phosphoric acid 
with adenylic acid. Since in animal experiments the alloxazine 
component of the flavin apparently cannot serve as a vitamin 
(25, 26), it may bo suggested that the cell can couple ribose with 
pyridine nitrogen but not with alloxazine nitrogen. 

No function can be ascribed to the flavin or pyridine nucleotides 
of the blood cells on the basis of aA’^ailable data. The ability of 
the cells to synthesize and store the nucleotides may indicate 
that the cells serve to limit the loss of the vitamins by renal 
excretion. 


SUMMARY 

1. Human blood cells can synthesize flavin-adenine dinucleotide 
from riboflavin in vitro and in vivo. 

2. After the ingestion of approximately 200 mg. of riboflavin 
by mouth, approximately 25 per cent was recovered in the urine 
as riboflaAun and 0.14 per cent in the cells as flavin-adenine di- 
nucleotide. The increase in the dinucleotide concentration in the 
blood cells was approximately 30 per cent. 

3. The concentration of flavin-adenine dinucleotide in urine 
and saliva after the ingestion of riboflavin is less than 0.005 y 
per 0.5 ml. 

We are indebted to Merck and Company, Inc., for a supply of 
pure riboflavin. 


BIBLIOGRAPHY 

1. Scbrell, W. H., and Butler, R. E., J. Nulrilion, 17, 11 (1939). 

2. Sebrell, W. H., and Onstott, R. H., Pvb. Health Rep., U. S. P. H. S., 

63, 83 (1938). 

3. Hughes, E. H., /. Nutrition, 17, 527 (1939). 

4. Lepkovsky, S., and Jukes, T. H., J. Nutrition, 12, 515 (1936). 

5. G3'6rgy, P., Kuhn, R., and Wagner-Jauregg, T., Klin. Woeh., 12, 

1241 (1933). 

6. Snell, E. E., and Strong, F. M., Proc. Am. Soc. Biol. Chem., J. Biol. 

Chem., 123, p. exii (1938). 

7. Kuhn, R., Gyorgy, P., and Wagner-Jauregg, T., Ber. chem. Ges., 66, 

317, 576, 1034 (1933). 

8. Warburg, 0., and Christian, W., Biockem. Z., 264, 438 (1932). 



J. R. Kleiu and H. I. Kolin 


189 


9. Theorell, H., Biochem. Z., 276, 37 (1934). 

10. Warburg, O., and Christian, W., Biochcm. Z., 298, 150 (1938). 

11. Warburg, O., Christian, W., and Cries e, A., Biochem. Z., 282, 157 (1935). 

12. Warburg, O., and Christian, W., Biochem. Z.j 287, 291 (1936). 

13. Ball, E. G., J. Biol. Chern., 128, 51 (1939). 

14. Warburg, O., and Christian, W., Biochem. Z.j 298, 36S (193S). 

15. Haas, E., Biochem. Z., 298, 378 (1938). 

16. Corran, H. S., Green, D, E., and Straub, F, B., Biochem. J., 33, 793 

(1939). 

17. Fraser, H. F., Topping, X. PL, and Isbell, H., Puh. Health Rep., 

U. S. P. H. S., 65, 280 (1940). 

18. Vivanco, F., Nalurwissenschaflerij 23, 306 (1935). 

19. Kuhn, R., Kaltschmitt, H., and Wagner-Jauregg, T., Z. physiol. Chem., 

232, 36 (1935). 

20. Grocn, J., and Schuyl, J. W., Arch, neerl. physiol., 23, 271 (1935). 

21. Ochoa, S., and Rossiter, R. J., Biochem. J., 33, 2008 (1939). 

22. Klein, J. R,, /. Biol. Chcm., 131, 139 (1939). 

2.3. Xegelcin, E., and Bromel, H., Biochem. Z., 300, 225 (1939). 

24. Kohn, H. L, and Klein, J. R., J. Biol. Chein., 130, 1 (19-39). 

25. Hogan, A. G., and Richardson, L. R., J. Xvlrilioiij 8, 385 (1934). 

26. Karrer, P., Salomon, H., Schopp, K., Schlittlcr, E., and Fritzsche, H., 

Helv. chim. ncta, 17, 1010 (1934). 




A mCROCOLOREaETRIC METHOD FOR THE DETERMI- 
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Several methods for the determination of potassium in biological 
materials have been described. According to the principal chem- 
ical reactions the most vddely used methods may be classified into 
three groups, methods based on (1) the sodium cobaltinitrite 
reagent, (2) the silver cobaltinitrite reagent, and (3) the chloro- 
platinic acid reagent. Certain drawbacks in the first two methods 
lie in the fact that both the potassium sodium cobaltinitrite and 
the sil%*er potassium cobaltinitrite compounds are said to be rather 
doubtful in composition (1-6). The ratio of sodium or silver to 
potassium is believed to vary according to their relative concen- 
trations in the sample and reagent, the temperature and rate at 
which the precipitation takes place, and the temperature at which 
the precipitate is dried. The interfering substances are iron, alu- 
minum, manganese, barium, calcium, magnesium, and copper (7). 
In principle, the chloroplatinate methods are by far superior to 
those based on the sodium or silver cobaltinitrite compound, be- 
cause K2PtCl6 has always a definite composition (8-11). Also, 
in this method, the number of interfering substances is smaller. 
Ammonium, alcohol, iron, copper, and feiT0C3"anide are said to 
interfere (9, 10). But since ashing is always emploj'ed with this 
method, ammonium and alcohol are destroj^ed, and iron and copper 
are converted into insoluble oxides in the process. However, the 
hitherto employed methods of ashing'biological materials for po- 
tassium determinations are rather complicated. Shohl and Ben- 
nett (10) and mB.ny others have foxmd loss in potassium hy the 
usual drj^ ashing procedure. Shohl and Bennett, therefore, first 
digest the sample with sulfuric acid, and then transfer it to a 
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platinum crucible for reashing and to drive off the sulfuric acid, 
Kramer (12) tries to avoid the loss of potassium by ashing in a 
platinum dish contained in a quartz dish. It is evident that these 
methods of ashing are too cumbersome, especially when many 
determinations must be made. Strauss (13) recommends the use 
of thorium nitrate to facilitate the ashing, but even with this aid 
the ashing is carried out at a temperature varying between 600- 
750°, a temperature at which loss of potassium is unavoidable, 
MoreoyerJ'in all potassium determinations in which ashing is em- 
ployed, the ash must be subsequently transferred by washing into 
some other container, and frequently, after the solution has been 
evaporated to dryness, several further transfers combined with 
filtration are necessary. Under these complicated manipulations 
a loss of potassium is unavoidable, especially when one is working 
with verj’- small amounts. 

A procedure therefore was devised in connection with the chloro- 
platinate method that obviates all the drawbacks connected mth 
the methods of ashing and transfer hitherto employed. 

In this method the material is ashed in specially made nickel 
centrifuge tubes at a temperature of 465° ± 10° in the presence 
of an oxidizing agent, the red mercuric oxide. This is done best 
in a muffle furnace equipped with a temperature control, i.e. 
thermostat. The potassium in the ash is determined by Shohl and 
Bennett’s (10) colorimetric method. 

Reagents and Appliances — 

1. A 10 per cent chloroplatinic acid solution, filtered and kept 
in the ice box. 

2. Standard potassium chloride solution, (a) A stock solution 
consisting of 0.7422 gm. of KCl dissolved in 100 cc. of distilled 
water and kept in an ice box. 1 cc. of this solution contains 4 mg. 
ofK, (b) A dilute standard KCl solution for immediate use made 
up of 5 cc. of the stock solution diluted to 200 cc. ; 1 cc. of this solu- 
tion contains 0.1 mg. of K, The solution is kept in the ice box, 

3. Half saturated (72 per cent) potassium iodide solution in a 
brown bottle. This keeps for about 6 months in a dark, cold 
place. 

4. 1 N HCl or H2SO4. 

5. Absolute alcohol. 

6. A3 per cent potassium-free gelatin solution. In connection 
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vnth ashing, gelatin is added to such samples as contain very little 
organic matter; c.p., urine and small samples of whole blood, also 
aqueous and vitreous humors, spinal fluid, and ascitic fluid. Its 
purpose is to prevent occlusion b}" inorgainc matter in the process 
of incineration and thus insure a more thorough ashing. The 
anabasis of 0.8776 gm. of flake gelatin proved the latter to contain 
no potassium. 

7. Mercuric oxide. The red variety was alwa 3 ^s used. If HgO 
is unavailable, lead sesqui oxide (PboOa) Tnay be used.- 

8. Salit^s nickel centrifuge ashing tubes, 3.5 inches in length and 
f inch in diameter.^ The ashing tubes must never be allowed to 
come in contact vdth acids or strong alkalies. Immediatel}' after 
use the}’’ are cleaned ^vith brush and water; then the inside, es- 
pecially that of the lower part, is rubbed with fine emen^ applied 
by a cloth wrapped around an iron rod. After thorough rinsing, 
they are washed Avith soap and water and then rinsed with tap 
water, distilled water, and absolute alcohol. When they are 
thoroughly dry, they are tightly stoppered with cork stoppers and 
kept in a dry place until further use. 

9. Ordinary 15 cc. conical glass tubes, preferably with a slightly 
roughened inside surface near the tip to hold the precipitate in 
jflace when inverted. 

10. Stirring rods. No. 1, 7 inches in length and 1.0 mm. in 
diameter. No. 2, 7 inches in length and 2 mm. in diameter. No. 
3, 7 inches in length and 3 mm. in diameter. The first two are 
made by softening a glass tubing in the flame and dravdng it out 
until the requisite fineness is obtained. The glass filament is then 
cut into rods and the ends are sealed in the flame. 

11. A muffle furnace with therm ostat.^ The maximum tem- 
perature that can be used vnth this particular thermostat is 537.8°. 
If the ordinary muffle furnace, with rheostat, is used, one must 
watch the temperature and keep it below 480°. 

Test experiments vdth this method were carried out on whole 
blood, serum, urine, and feces. 

' Manufactured by the Precision Scientific Company, 1750 North Spring- 
field Avenue, Chicago; approximate cost, S2.o0 each. 

* The muffle furnace used in these experiments was made bj' Dr. Norman 
K. Ceaglaslce, Professor of IVIetallurgy, Department of Chemistrj', State 
Unwersity of Iowa, Iowa City. It costs considerably less than the usual 
muffle furnaces with rheostat. 
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Technique for Whole Blood — Samples of 2 cc. of a 1:5 dilution, 
equivalent to 0.4 cc. of whole blood, are pipetted into nickel centri- 
fuge ashing tubes. To each tube are added 2 cc. of a 3 per cent 
potassium-free gelatin solution and 2 cc. of absolute alcohol.® The 
mixture is evaporated to dryness in an electric drying oven at 
about 85°. That portion of the inside wall of the ashing tube 
covered by the residue is moistened with a few drops of absolute 
alcohol. Over this some mercuric oxide, equivalent in amount to 
a large wheat kernel or a small pea, is sprinkled from the point of 
a narrow knife blade or letter opener while the tube is held at an 
appropriate angle. The tubes are placed horizontally in the muf- 
fle furnace and the contents are allowed to ash overnight or some 
10 or 12 hours at a temperature of 465°. After cooling, the part 
covered by the ash is again moistened with absolute alcohol and 
covered with a small amount of mercuric oxide as before. Ashing 
is continued for another 10 or 12 hour period. After cooling, 8 cc. 
of cold distilled water are pipetted into each ashing tube. The 
contents are stirred with a No. 3 stirring rod with frequent rubbing 
of the sides for a few minutes. The tubes are stoppered and centri- 
fuged for 10 minutes at a speed of 4000 r.p.m. The supernatant 
fluid is decanted into a 15 cc. centrifuge tube, and an aliquot of 
5 cc. is pipetted into another 15 cc. centrifuge tube. This contains 
an equivalent of 0.25 cc. of whole blood. (If duplicates are run 
or other additional analyses, such as for sodium, are made on the 
same sample, 1 cc. of whole blood is pipetted into the nickel centri- 
fuge ashing tube. This is followed by the addition of 5 cc. of 
absolute alcohol, but the gelatin is omitted. After the contents 
are evaporated to dryness, the ashing is carried out as described 
in the first case. The ash is dissolved in 10 cc. of distilled water, 
the tube is centrifuged, and 2 cc,, equivalent to 0.2 cc. of whole 
blood, are pipetted into a 15 cc. centrifuge tube.) At this point 
the following procedure is applicable in both cases. The contents 
of the centrifuge tubes are evaporated in an electric drying oven. 
At the same time, 4 cc. of a potassium standard solution, contain- 
ing 0.4 mg. of K, in another 15 cc. centrifuge tube are similarly 

’ Alcoliol is added to distribute the contents of the ashing tubes over a 
larger area as well as to impart sponginess to the residue, both states being 
conducive to a more thorough ashing. This applies also to such materials 
as the aqueous and vitreous humors, spinal fluid, and ascitic fluid. 
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treated. To both the samples and the standard i.s added 0.2 cc, 
of a 10 per cent chloroplatinic acid solution. By moans of fine 
glass rods (No. 1) the chloroplatinic acid is thoroughly mixed ■nith 
the residue. The tubes, with the stirring rods remaining inside, 
are allowed to cool in the ice box for 5 minutes. B\' means of a 
pipette, 5 cc. of ice-cold absolute alcohol are blown into the tubes, 
and the contents are vigorousl}' stirred with stirring rods. After 
the rods are rinsed with a few drops of absolute alcohol, the tubes 
are stoppered with cork stoppers and allowed to stand in ice-cold 
water in the ice box for 20 minutes. Meanwhile the brass centri- 
fuge cups arc also cooled in the ice box and filled three-fourths 
full with ice-cold water. The tubes arc centrifuged for 10 minutes 
at a speed of 4000 r.p.m. The supernatant alcohol is poured off 
and the tubes are placed in an inverted position on a piece of filter 
paper for a few seconds. The mouths of the tubes are wiped with 
filter paper, and the precipitate, with the help of a No. 2 stirring 
rod, is washed Tsdth 5 cc. of ice-cold absolute alcohol. The tubes 
are stoppered and centrifuged in precooled brass centrifuge cups 
as before. The supernatant alcohol is poured off and the tubes 
are placed in an inverted position on filter paper for a few seconds. 
After the mouths of the tubes have been wiped m'th filter paper, 
the tubes are placed horizontalh' in an electric drj'ing oven and 
the precipitate is dried for a few minutes at a temperature of 65°. 
The precipitate is dissolved in about 5 cc. of distilled water, stirred 
constantly with a No. 3 stirring rod. The tubes are filled to within 
1 inch from the top with distilled water from a wash bottle and 
stirring is continued for a few moments. The solution is trans- 
ferred to a 100 cc. volumetric flask through a small long stem 
funnel (reaching below the neck of the flask). The tube is 
rinsed thoroughly several times and the washings are transferred 
to the volumetric flask. Distilled water is added to make the 
volume appro.ximately 90 cc. To the flask are added 4 cc. of 
1 N HCl (or HiSOi), and the contents are mixed. This is followed 
by the addition of 4 cc. of 72 per cent potassium iodide solution. 
Distilled water is added to the mark, and the flasks are well shaken. 
They are allowed to stand for half an hour in a dark place, after 
which they are again shaken. Shaking is repeated after another 
Imlf hour’s standing. The solutions are then ready for colorimet- 
ric readings. If the reading of the standard of 0.4 mg. of K is 
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20.0 and that of the sample of 0.25 cc. of whole blood is 17.8, the 
calculation is as follows : 


20.0 X 0.4 X 100 
17.8 X 0.25 


179.8 mg. % K 


Recovery Tests — In these tests the samples were made up of 
standard potassium solution and blood in such proportions that 
each of the components represented approximate!}’' half of the 
total potassium content. The mixture was pipetted into the 
nickel centrifuge ashing tubes, evaporated, ashed, and carried 
through the rest of the process exactly as outlined for the pure 
blood sample. The results are listed in Table I. 

Technique for Animal Scrum — Since, as a rule, animal serum is 
available in sufficient quantities, somewhat greater accuracj’' is ob- 
tained by using 2 cc. instead of 1 cc. After the serum is pipetted 
into the ashing tubes, 3 cc. of absolute alcohol are added to each 
tube. The mixture is evaporated to diyness. The residue is 
ashed in the manner described for whole blood, and the ash is dis- 
solved in 6 cc. of distilled water. After centrifuging, the super- 
natant solutions are poured off into small test-tubes. An aliquot 
of 5 cc., equivalent to 1.6667 cc. of original serum, is used for the 
anatysis, as described for whole blood. 

Recovery Tests — The samples for ashing were made up partl}’^ of 
standard potassium solution and partly of serum in the same way 
as those for whole blood. The results are given in Table II. 

Technique for Hiiman Serum — Since one has to be more econom- 
ical with human serum than with animal serum, only 1 cc. of the 
former is used.'* To the serum in the ashing tubes are added 5 cc. 
of absolute alcohol, and the mixture is evaporated to dryness. 
The residue is ashed as described for whole blood. The ash is dis- 
solved in 6 cc. of distilled water, the tubes are centrifuged, and the 
supernatant solution is poured off into small test-tubes. An ali- 
quot of 5 cc., equivalent to 0.8333 cc. of the original serum, is 
prepared for the analysis, as described for whole blood. A po- 
tassium standard containing only 0.3 mg. of K is used. The 
potassium chloroplatinate precipitates of both the standard and 
the samples are transferred to 50 cc. volumetric flasks by means 


* If possible, 1.5 cc. should be used. The ash is dissolved in 6 cc. of dis- 
tilled water. An aliquot of 5 cc. of this solution is equivalent to 1.25 cc. 
of the original scrum. 
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of three washings. In order to leave space for the subsequent 
additions of 2 cc. of 1 K HCl and 2 cc. of 72 per cent KI solution, 


Table I 


Recovery Tests on Human Whole Blood 


Subject Ko. 

Experiment 

No. 

K in blood 

Recoverj* tesU. blood 4* K standard 

K 

calculated 

K found 

Per cent 
recovery 



n^. per cerit 

mg. 

mg. 


I 

1 

175.2 

0.3469 

0.3448 

99.4 


2 

174.4 

0.3460 

0.3448 

99.7 


i 3 

171.1 

0.3424 

0.3429 

100.1 


1 4 

173.6 

0.3452 

0.3429 

99.3 


5 

170.6 

0.34IS 

0.3429 

100.3 


G 

1 175.4 

0.3354 

0.3315 

93.8 


7 

175.1 

0.3801 

0.3S46 

101.2 


S 

j 171.3 

0.3770 

0.3797 

100.7 


9 

1 170.5 

0.3763 

0.3750 

99.7 

II 

1 

192.2 

0.2741 

0.2760 

100.7 


2 

191.3 

0.2731 

0.2760 

101.1 


3 

191.3 

0.2731 

0.2727 

99.9 


4 

190.0 

0.2720 

0.2727 

100.3 


5 

190.0 

0.2720 

0.2727 

100.3 


6 

187.5 

0.2700 

0.2727 

101.0 


7 

191.3 





8 

190.0 





9 

191.3 





10 

191.3 





11 

191.3 





Table II 


Recovery Tests on Ox Sertim 


Animal No. 

K in senim 

Recovery tests, eenrm -f- K standard 

K calculated 

K found 

Per cent 
recovery* 


mg, per cent 

mg. 

mg. 


I 

31.0 

0.40S0 

mmM 

100.0 

II 

24.2 1 

0.3536 

msBM 

100.4 

III 

42.1 

0.4964 

0.4918 

99.1 

IV 

25.7 

0.3654 

0.3681 

100.7 


the total amount of washings should not exceed 45 cc. The rest 
of the procedure is as described for whole blood. The results are 
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somewhat less accurate than those on 2 cc. samples, but, on the 
whole, quite satisfactory, as is seen from the deviations of the 
mean of tw^enty-one determinations (Table III). 

Technique for Urine — First a 1:20 dilution of urine is prepared 
by diluting 5 cc. of urine to 100 cc. Exactly 5 cc. of this diluted 
urine, equivalent to 0.25 cc. of the original urine, are pipetted into 
ashing tubes. To the samples are added 2 cc. of 3 per cent 
gelatin solution, and the mixture is evaporated to dryness. Ash- 
ing of the residue is carried out exactly as described for whole 
blood. The ash is dissolved in 10 cc. of distilled water, and the 
tubes are centrifuged. The supernatant fluid is poured off into a 
test-tube, and an aliquot of 5 cc., equivalent to 0.125 cc. of the 
original urine, is evaporated in a 15 cc. centrifuge tube. The rest 

Table III 


Deviations of Mean with 1 Cc. Serum Samples 


Experi- 

ment 

No. 

j 

Colori- I 
meter i 
reading ' 

Mean 

deviation 

Experi- | 
mcnt 1 
No. ! 

1 

Colori- 

meter 

reading 

1 

Mean ! 
deviation 

Experi- 

ment 

No. 

Colori- 
meter 1 
reading 

Mean 

deviation 

1 

22.4 

0 

8 

22.4 

1 

0 

15 

22.8 

+1.2 

2 

22.3 

-0.6 

9 

22.6 

+0.8 

16 

21.7 

~3.2 

3 

22.4 

0 

10 

23.1 

+3.0 

17 

21.8 

-2.8 

4 

21.9 

-2.4 

11 

22.3 

-0.6 

18 

22.7 

+1.2 

5 , 

22.3 1 

-0.6 

12 

22.4 1 

0 

19 

22.4 

0 

6 1 

23.1 

■fS.O 

13 

22.4 j 

0 

20 

22.5 

+0.3 

7 i 

22.6 

+0.8 

14 

22.5 1 

+0.3 

21 

22.4 

0 


of the procedure is the same as that described for whole blood, 
including a standard of 0.4 mg. of K and 100 cc. volumetric flasks 
for the final solution in which color is developed. 

Recover]] Tests — The samples for ashing were made up partly of 
standard potassium solution and partly of urine in a similar way 
to those in the recovery tests for w'hole blood. The results are 
given in Table IV. 

Technique for Feces — Exactly 5 gm. of feces are transferred to 
a 100 cc. lipless glass cylinder. Distilled water is added to the 
100 cc. mark, and the cylinder is stoppered with a rubber stopper. 
The contents are well shaken and the cylinder is allowed to stand 
ov'emight at room temperature. After several more shakings, 5 cc. 
samples of the emulsion are measured out into the nickel centrifuge 
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ashing tubes means of a calibrated glass tubing, \ inch in di- 
ameter and n-ith the tip sHghtlj' constricted. This quantity of 


Table IV 


Recovery Tests on Urine 


Spedmen No, 

i 

Experiment 

No. 

K in urine 

Recovery testa, urine K atxindard 

K 

calculated 

K found 

Per cent 
recovery 

I 

1 

Tnr* pw wt:! 

3S3.2 

mff. 

0.36S5 

0.3640 

98.9 



383.2 

0.3685 

0.3660 

99.4 



3S4.6 

0.5513 

0.5464 

99.1 



3S4.6 

0.5513 

0.5406 

98.1 

II 

1 

400.0 

0.5000 

0,5000 



2 

400.0 

0.5000 

0.5031 

■SB 

III 

1 

39S.O 

0.49S3 

0.4969 

99.7 


2 

398.0 

0.4983 

0.4969 

99.7 

IV I 

1 

480.0 

0.5667 

0.5674 



2 

472.0 

0,5605 

0.5661 


V 

I 

329.0 1 

0.3974 

0.4054 




329.0 

0,3974 

0.3974 

100.0 



329.0 

0.3974 

0.3974 1 




329.0 

0.3179 ; 

0.3062 j 

96.3 


5 

329.0 

0.3179 

0.3191 



6 

329.0 

0.3179 

0.3169 

99.7 

VI 

1 

367.5 

0.2188 

0,2184 

99.8 


2 

367.5 

0.2183 

0.2184 

100.1 


Table V 


Deviations of Mean in Experiments with Feces 


Experiment No. 

K 

Mean deviation 

1 


per cent 

percent 

1 

369.9 

--0.2 

2 

372.1 

+0.4 

3 i 

369.9 

-0.2 

4 

371.1 1 

+0.1 

5 

369.9 

-0.2 


emulsion is equivalent to 0.25 gm. of the original feces. To the 
emulsion in the ashing tubes are added 2 cc. of a 3 per cent gelatin 
solution, and the mixture is evaporated to dryness. The residue 
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is ashed exactly’’ as described for whole blood. The ash is dissolved 
in 10 cc. of distilled water. After centrifuging, an aliquot of 5 cc., 
equivalent to 0.125 gm. of the original feces, is evaporated in a 
15 cc. centrifuge tube. The rest of the procedure is e.xactly as 
described for whole blood. 

No recovery tests were made on feces, but as is seen from the 
deviations of the mean of fiye feces samples taken from the contents 
of the same cylinder, the results are very satisfactory (Table V). 

SUMMARY 

A microcolorimetric method for potassium determinations in 
biological materials is described. The material is ashed in specially 
made nickel centrifuge ashing tubes in the presence of HgO at a 
temperature of 465°. The potassium in the soluble ash is deter- 
mined by an application of Shohl and Bennett’s colorimetric 
chloroplatinate method. 

Details are given for whole blood, serum, urine, and feces. 
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ESTIMATION OF “ACID” PHOSPHATASE ACTIYITY OF 
BLOOD SERUM 
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(From the Dcpartmcnl of Medicine^ College of Physicians and Surgeons^ 
Cohnnhia Vnivcrsilyj and the Prcsbylcriari Hospital j New York) 

(Received for publication, June 20, 1940) 

To distinguish them from the better known ^'alkaline” phos- 
phatases, phosphomonoestcrases with optima on the acid side of 
neutrality are referred to ^‘acid” phosphatases (1). The quanti- 
tative determination of these enzymes in serum is of interest 
chiefly because (a) the acid phosphatase activity of normal blood 
serum (2-4) is attributed to distinct phosphomonoestcrases of 
uncertain ph^’-siological significance (5), and (6) the blood serum 
of subjects mth metastasizing carcinoma of the prostate gland 
contains an acid phosphatase (6) with properties corresponding 
to the enzyme found b^^ Kutscher and Wolbergs (7) in normal 
prostate tissue and in seminal fluid. Invasion of the circulating 
fluids by carcinomatous prostate tissue liberates prostate acid 
phosphatase into the blood where the enzyme can be identified 
and the source of the primar}' tumor so determined. 

The general principles underlying the determination of serum 
“alkaline” phosphatases appl}’' also to the determination of serum 
“acid” phosphatases. We have adapted the King and Armstrong 
method for alkaline phosphatase (8) to the estimation of serum 
acid phosphatase activity (5, 6). Barringer and Woodard (9) 
have suggested a variant of the Bodansky method (10); Lund- 
steen and Vennehren (11) have modified their owm method (12) 
for the same purpose. We vdsh to consider here certain specific 
conditions which must be satisfied in adaptations of this kind: 
(a) Since serum contains both alkaline and acid phosphatases, 
the former usually- in great excess, h^^'drolysis must be conducted 
under conditions which are optimal for acid but completely inhibit 
alkaline enzymes. This in^"olves a study of pH-activit}' relations, 
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particularly of pathological sera containing varying proportions 
of both enzymes, (b) The acid phosphatase activity of normal 
sera is extremely small. A number of substrate-buffer combina- 
tions in varying concentrations were investigated in order to 
obtain satisfactory colorimetric readings without having to hy- 
drolyze too long. After prolonged hydrolysis significant devia- 
tions from linear time-activity relations occur. 

Selection of pH — Fig. 1 illustrates the pH-activity relations of 
the serum acid phosphatases of principal interest, that normally 



Fig. 1. pH-activity curves (0.005 M monophenyl phosphate substrate, 
0.2 M acetate buffer, I = 37°). Curve 1, normal human serum, 3 hours 
hydrolysis; Curve 2, subject with metastasizing prostatic carcinoma, serum 
diluted 1:20, J hour hydrolysis. 


present (Curve 1) and that occurring in the serum of patients with 
metastasizing prostatic carcinoma (Curve 2). Under the stated 
conditions of hydrolysis, there is a rapid decline in activitj’’ out- 
side of the appro.ximatc limits of pH 4.0 to 6.0, the pH range 
suitable for estimating serum acid phosphatases as defined by 
optimal zones of activity. 

The curves in Fig. 1 are discontinuous in the region of neutrality, 
where alkaline phosphatase activity, though only a fraction of 
that at the pH optimum, is nevertheless sufficient to be significant 
in relation to the acid phosphatase activity of most sera. In 
experiments such as those summarized in Table I, we have at- 
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tempted to determine how far on the acid side of neutrality inac- 
tivation of semin alkaline phosphatase is incomplete, particular!}' 
in sera extremely rich in alkaline phosphatase (Paget^s disease). 
The hydrolyses were conducted in the presence of 0.02 m NaF, 
which inhibited serum acid phosphatase to minimal activity (0.1 
to 0.2 unit at pH 5.0). The results with monophenyl phosphate 
substrate (Table I) show measurable activity of serum alkaline 
phosphatase as far as pH 6.0. Similar experiments with ^-glycero- 
phosphate substrate reveal measurable alkaline phosphatase ac- 
tivity at least as far as pH 6.0.^ Barringer and Woodard (9), 

Tabli: I 

Aclirity of Scrum Alkaline*^ Phosphatase at Decreasing pH Leveh; Serum 
'\Acid^* Phosphatase Inhibited by Fluoride 


0.005 M monophcnyl phosphate substrate and 0.2 m acetate biifier were 
used in the presence of 0.02 m XaF; / = 37°. Tiic hpurcs show the mg. of 
phenol liberated per hour per 100 cc. of scrum. 


Serum 

Ko. 

pH* 

9.4 

S.8 

SJ2S 

7.92 

7.27 

6.GS 

6.17 

1 5,95 

4.97 

1 

64.2 

19.2 

\ 15.0 

14.3 

' 3.1 

1.0 

0.7 

0.7 

0.2 

2 

434 

176 

i 144 

lOS 

14.5 

3.3 1 

1.3 

1.1 

0.1 

3 

10.4 ! 


1 2.6 

2.5 

1 0.9 

0.6 i 

0.0 

0.5 

0.2 


* pH of substrate-bufTcr-serum reaction mixture as determined by glass 
electrode-vacuum tube potentiometer at 25®. .\t pH 0.4. veronal bufter 

was used. 


using i3-glycerophosphate substrate, likewise noted appreciable 
serum alkaline phosphatase activity at pH 6.4. 

In view of the results indicated, we have elected to buffer at 
pH 4.9, which is within the zone of optimum activity of serum 
acid phosphatases and beyond the range of significant activity 
of serum alkaline phosphatases under the conditions of hydrol- 
ysis specified. 

' The substrate used affects the results of such experiments in two ways: 
As pointed out by King and Delory (13), and in accord wdth the Michaelis- 
Mentcn equation, the optimum pH for hydrolj'sis of phosphoric esters by 
alkaline phosphatase increases with increasing acidity of the ester; and the 
rate of decline in activity exhibited by alkaline phosphatase when buffered 
at increasingly acid levels decreases ndth increasing acidity of the ester. 
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Selection of Substrate — Within the same period of time, 2 to 3 
times as much phenol is split off from monophenyl phosphate by 
serum acid phosphatase at pH 5.0 as phosphate (expressed as 
inorganic phosphorus) from jS-glycerophosphate (Table II).^ With 
a-glycerophosphate substrate, the proportion in favor of mono- 
phenyl phosphate is even greater (5, 6, 11). Because of the low 
range of activity of most sera and the theoretical and practical 
advantages of short periods of hydro^sis, monophenyl phosphate 


Table II 

Comparison of P-Glycerophosphate with Monophenyl Phosphate Substrate 

for Serum *^Acid^^ Phosphatases; Comparison of Acxtate and Citrate 

Buffers at pH 5,0 


The values are given in mg. of P or phenol per hour per 100 cc. of serum. 



m/ 60 /5-glycero- 
phosphate sub- 1 

0,005 M monophenyl phosphate 
substrate 



Serum No. 

strate, 0.2 m 
acetic acid- 
acotato buffer 

(a) 

0.2 M acetic i 
acid-acetate 1 
buffer 

{h) 

0.1 M citrate- 
NaOH buffer 

(c) 

(b)/(a) 

1 


1* 


mg, phenol 

1052 

mg. phenol 

985 

2.0 

n 

2* • 


270 

261 

i 2.7 


3* 

1 80 

1 204 

193 

1 2.5 

■EH 

4* 

8.6 

18.1 

15.8 

2.1 


5* 

1.6 

3.3 

3.1 

' 2.1 


C 

1.1 

3.0 

1.9 

2.7 


7 

0.7 

2.0 

1.6 

2.9 


8 1 

0.8 

2.0 

1.4 

2.5 



* Obtained from subjects with metastasizing prostatic carcinoma. 


would seem, therefore, to be particularly suitable for the estima- 
tion of serum acid phosphatases. Phenol can be quantitative!}’' 
estimated in the hydrolysate with an accuracy at least as great 
as is possible with phosphate. 

The concentration of phosphoric ester substrate in the hydrol}''- 

- This ratio of about 2.5:1 is considerably less than that observed with 
phosphatases in alkaline medium, because at pH 5.0 the rate of hydrolysis 
of monophenyl pliosphate is slower than that of /5-glyccrophosphate (c/. 
(13)). 
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sis mixture is another factor determining the rate of scission, which 
increases with increasing molarity of the substrate. With /9-glyc- 
erophosphate, comparatively small increases in substrate concen- 
tration effect large differences in the amount of phosphate lib- 
erated. The rate of hydrolysis of monoplienyl phosphate in acid 
medium, however, is much less susceptible to changes in substrate 
concentration; between 0.005 m and 0.01 the differences in 
phenol split off arc small (6). 

Impurities in the disodium inonophenyl phosphate employed 
as substrate affect the rate of liberation of phenol by alkaline 
(14, 15) and acid phosphatases. With sera of normal or raoder- 
atel}’ increased acid phosphatase activity, the use of pure disodium 
monophenyl phosphate (for which wc arc indebted to Mr. H. 
Scharer) gave values up to 15 per cent higher than those obtained 
\nth commercial products. In sera exhibiting marked acid phos- 
phatase activit}', however, the increase did not exceed 4 per cent. 

Selection of Buffer — In estimating serum acid phosphatases mth 
monoplienyl phosphate substrate, it was found that acetate-acetic 
acid, citrate-XaOH, succinic acid-borax, veronal-acetic acid, or 
glycine-HCl could be employed to buffer at pH 4.9. With /9-gh"c- 
erophosphatc substrate, a variety of buffers could also be used but 
difficulties arise, as for example with citrate buffer; in 0.1 m con- 
centration, the development of color in determining liberated 
phosphate with molybdic acid is inhibited (16) (0.04 m citrate, 
however, does not inhibit color development and is an adequate 
buffer (5)). 

With monophen 3 d phosphate substrate, acetate-acetic acid buf- 
fer (suggested b^' Lundstecn (16)) consistent!}- gave higher values 
for serum acid phosphatase activity than did citrate (Table II) 
and was our buffer of choice for many purposes. In subjects 
''’it^ metastasizing prostatic carcinoma the differences in values 
obtained ^^^th these t^vo buffers was small ((5)/(c), Table II), 
whereas in patients with other bone conditions and in normal 
subjects the differences were large; t.c., 0.1 m citrate appreciably 
inhibits the activity of serum acid phosphatases other than the 
prostate acid phosphatase which appears in the serum in associa- 
tion with metastasizing prostatic carcinoma. This observation 
^ of interest in tw-o connections: In doubtful cases, it permits the 

inerentiation of prostate acid phosphatase from other acid phos- 
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phatases in the serum ; and by means of citrate buffer it is possible 
to establish a sharper critical level for diagnostic purposes (3.0 
units of acid phosphatase activity per 100 cc. of serum). For 
example, with acetate buffer the serum of a patient with Paget’s 
disease (Serum 6, Table II) gave a value of 3.0 units, within the 
range of values obtained with metastasizing prostatic carcinoma, 
but with citrate buffer gave a value of only 1.9 units. The serum 
of a patient with metastasizing prostatic carcinoma (Serum 5, 
Table II) gave a value of 3.3 units with acetate buffer, 3.1 units 
with citrate buffer. 

Selection of Method — It appeared from the foregoing experiments 
that the principles of the King and Armstrong method for deter- 
mining alkaline phosphatase activity (8) could be applied advan- 
tageously to the estimation of serum acid phosphatases. The 
results of recent critical studies and suggested variants of the 
King and Armstrong method (17-19, 15) were taken into account 
in our adaptation. 

Reagents — 

1. Buffer-substrate (0.005 m monophenyl phosphate, 0.1 m 
citrate at pH 4.9). Mix equal parts of Solutions A and B as 
needed; check pH. 

Solution A. Dissolve 1.09 gm. of disodium phenyl phosphate 
(obtainable from Eimer and Amend, New York) in 500 cc. of water. 

Solution B. Dissolve 42.0 gm. of crystalline citric acid in water, 
add 376 cc. of 1 n NaOH, make up to 1 liter. Adjust the pH to 
4.9 with NaOH or HCl as needed (when colorimetric methods are 
used, nitrazine (Squibb) is a convenient indicator). Preserve in 
well stoppered bottles in a refrigerator. 

2. Phenol reagent of Folin and Ciocalteu (20). The stock rea- 
gent is prepared as described by Folin and Ciocalteu, kept in a 
well stoppered, amber bottle, and for use diluted 1:3. 

3. Sodium carbonate (20 per cent solution). 

4. Standard phenol. For the stock solution, which keeps indefi- 
nitely, dissolve 1 gm. of crystalline phenol in 0.1 N HCl and make 
up to 1 liter with 0.1 n HCl. Standardize by the convenient 
method of Koppeschaar (21). From this stock phenol solution, 
a diluted phenol solution containing exactly 10 mg. of phenol 
per 100 cc. is made up; it remains stable for months in the 
refrigerator. 
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5. Standard phenol solution and reagent. To 1 cc. of diluted 
phenol solution in a test-tube, add 6 cc. of distilled water and 
3 cc. of diluted phenol reagent. Prepare shortl}' before use. 

Procedure 

Two test-tubes, each containing 10 cc. of buffer-substrate solu- 
tion, are kept in a water bath at 37® for about 5 minutes. Pipette 
exacth’ 0.5 cc. of the serum to be tested into each tube, stopper, 
miv, and incubate at 37® for 3 hours. Then remove the tubes 
from the water bath, at once add 4.5 cc. of diluted phenol reagent, 
mix, and filter. To two control tubes each containing 10 cc. of 
buffer-substrate solution add 0.5 cc. of the serum and at once add 
4.5 cc. of diluted phenol reagent, mLx, and filter. 

Pipette 6 cc. of each of the test and control filtrates into test- 
tubes, add 1.5 cc. of 20 per cent sodium carbonate solution, and 
mix. To the standard phenol solution and phenol reagent (No. 5) 
prepared shortly before,’ add 2.5 cc, of 20 per cent sodium car- 
bonate solution and mLv. Place test, control^ and standard 
tubes together in the water bath for 5 minutes to develop the 
color, cool about 20 tninutes, and compare in^the colorimeter,^ 
(Although the color is not ma.vimally ^er’^eloped) the standard, 
test, and control tubes are all made up at the same time and read 
within a few minutes of each other.) The unknown is placed in 
the left cup of the colorimeter and set at 30, The standard is 
placed in the right cup, which is adjusted to match the unknown. 

Calculation 

The results are e.xpressed in units of acid phosphatase actmty 
per 100 cc. of serum. A unit is defined as that degree of acid phos- 
phatase actmty which at 37® vnW liberate from the specified buffer- 
substrate solution (pH 4.9) 1 mg. of phenol in 1 hour. The units 
of phosphatase activity in 100 cc. of serum = mg. of phenol 
present in 100 cc. of serum after hydrol3’'sis minus mg. of ‘‘phenol” 
m 100 cc. of the non-incubated control serum divided by the number 

*The Evelyn photoelectric colorimeter can be used advantageously. 
Proceed as indicated, except allow the color to develop 1 hour for stabiliza- 
tion. The readings are approximately 10 per cent higher than with the or- 
^mry colorimeter. 
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of hours of hydrolysis. To calculate the mg. of phenol in 100 cc. 
of serum before and after hydrolysis, 


Reading of standard 
Reading of unknown 


X strength of standard X 


final volume of unknown ^ IQQ 

final volume of standard cc. serum used 


With the unknown set at 30, the standard containing 0.1 mg. 
of phenol and the reagents used in the proportions indicated, this 
equation becomes 


Reading of standard 
30 


^ . 7.5 15 

^ ^ 12.5 ^ 6 X 0.5 


X 100 


which cancels out to “reading of standard.” The final result, 
units of acid phosphatase activity per 100 cc. of serum, is obtained 
as follows: reading of standard against incubated serum minus 
reading of standard against control serum divided by the number 
of hours of hydrolysis. 

With sera of increased acid phosphatase activity it may be more 
convenient to set the unknown at 20, 15, or 10, and use the 
appropriate factors 3/2, 2, or 3. In the case of sera with very 
high acid phosphatase activity (when the reading of standard is 
over 60), there is marked inhibition of hydrolysis by the products 
of scission and to obtain optimal values it is necessary to reduce 
the time of hydrolysis. When j hour’s hydrolysis still gives too 
high readings, the serum must be diluted appropriately with 
physiological saline solution and the determination repeated, 
including controls with the diluted serum. Over periods of hy- 
drolysis from J to 3 hours, time-activit}’^ curves are linear except 
with sera very liigli in acid phosphatase activity, and these are 
linear if diluted as indicated. Significant deviations from Beer’s 
law were not observed. 


Residts 

In the past 2 years, we have employed the method described 
in over 500 determinations of serum acid phosphatase activity 
in a variety of conditions. Agreement between duplicates is usu- 
ally within 0.2 unit in the normal range and better than 5 per cent 
in sera with elevated values. The normal range was found to be 
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0.5 to 2.0 unit per 100 cc. of serum, with increases to several 
hundredfold in subjects with metastasizing prostatic carcinoma 
( 22 , 23 ). 


SUMMARY 

Optimal conditions of h 3 'drolysis in the estimation of serum 
“acid” phosphatases were determined. The King and Armstrong 
method for “alkaline” phosphatases was adapted to the estima- 
tion of serum “acid” phosphatases. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 

LXI. THE POLYSACCHARIDE OF THE PHOSPHATIDE OBTAINED 
FROM CELL RESIDUES IN THE PREPARATION OF 
TUBERCULIN* 

By R. J. ANDERSON, ROBERT L. PECK,t and M. CREIGHTONf 

{Ftovi the DeparUnent of Chcmhlrp^ Yale UniverBityy New Haven) 

(Received for pubIic«'ition, July 8, 1940) 

It has been sho\^Ti in earlier investigations (1) that the phos- 
phatide of the human tubercle bacillus is easily saponified when 
treated mth dilute alkali at room temperature and that the cleavage 
products consist of about 64 per cent of fatty acids and about 40 
per cent of water-soluble substances. The compounds soluble in 
water consisted of inorganic and organic phosphoric acids and a 
phosphorus-containing pol3'saccharide. The pol^'saccharide could 
be dephosphorjdated by heating with dilute ammonia in a sealed 
tube. The phosphorus-free poh^saccharide, on hydrol3^sis with 
dilute acid, gave onl3^ mannose and inosite in the ratio of 2:1. 
The pob’saccharide was therefore regarded as a new gh^coside 
which was named manninositose, but, since it did not cr3"stallize, 
its purit3' could not be established. 

The cleavage products of the polysaccharide mentioned above 
were different from those obtained when the phosphatide was 
h3"drol3"zed directl3’’ with dilute aqueous acid (2). In the latter 
case the fatt3’' acids were split off and the pol3’saccharide com- 
ponent was hydrolyzed completely, 3delding inorganic and organic 
phosphoric acids, together with, inosite; mannose, and some other 
reducing sugar which gave glucosazone on treatment vdth phenvd- 
hydrazine. 

* The present report is a part of a cooperative investigation on tubercu- 
losis; it has been supported partb' b 3 ' funds provided bv' the Research 
Committee of the National Tuberculosis Association. 

t Holder of a National Tuberculosis .Association Fellowship in Chem- 
istr 3 ' at Y'ale Universitv^ 1939-40. 
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In view of the difference in the simple carbohydrates produced 
from the polysaccharide on acid h 3 ’’drolysis and after alkaline 
saponification, it appeared of interest to study the composition of 
manninositose more closely, but to do so would require larger 
quantities of phosphatide than were available. That used in pre- 
vious investigations had been prepared from living tubercle bacilli 
especially provided for our work by the H. K. Mulford Company 
and by Sharp and Dohme, but at such high cost that a cheaper 
source was desired. The bacillary residues which are a b 3 ’--product 
in tuberculin manufacture and in the production of the purified 
protein derivative, PPD, of Seibert and coworkers (3) yield a 
phosphatide which at first appeared to be identical in properties 
with the original product. It will be shown in the present report, 
however, that the pob'^saccharide which was isolated after the 
phosphatide had been saponified with alkali was not identical with 
the glycoside described under the name of manninositose. 

Two phosphatide preparations were used that had been prepared 
from two separate lots of bacterial residues. The polysaccharides 
from each preparation on being heated to 170-180° with 14 per 
cent ammonia did not yield identical cleavage products and the 5 ’^ 
also differed in the ease with which the phosphorus Avas split off. 
After dephosphorylation the first polysaccharide gave inorganic 
phosphate, inosite, and a glycoside which on hydrolysis gave ap- 
proximateb'’ equal parts of mannose and some other reducing sugar 
from which glucosazone was obtained on treatment with phenyl- 
hydrazine. The second pob'^saccharide gave inorganic phosphate, 
inosite, and a glycoside which on hydrolysis yielded about equal 
parts of inosite, mannose, and some other reducing sugar. The 
gb'^coside manninositose (1) Avhich we obtained in our earlier in- 
‘ vestigations after the polysaccharide had been dephosphor 3 dated 
could not be found. The dissimilarity in cleavage products ob- 
.served in the present investigations must depend upon differences 
In linkage of the carboh 3 'drate molecules in the polysaccharides. 

EXPERIMENTAL 

The bacterial residues used in this investigation ivere derived 
from a strain of the human tubercle bacillus Avhich ivas obtained 
from the Bureau of Animal Industry and designated by Sharp and 
Dohme as Strain 2067. Two separate lots of residues were ex- 
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traded at different times. Both lots of bacilli had been growm 
on the Long (4) s^mthetic medium for periods of about 8 weeks, 
after which the cultures were heated to 100® for 3 hours and after- 
wards held in a refrigerator at 3-5° for about 1 week. The bac- 
terial cells, after being filtered off and washed with a phosphate 
buffer solution, were heated in an autoclave to 120° for 30 minutes. 
We are indebted to Sharp and Dohme, Glenolden, Pennsylvania, 
for this material. 

The extraction of the bacterial residues and tlie separation of 
the lipids into phosphatide, acetone-soluble fat, and wax were 
carried out as described in former papers (5). 

Phosphatide I 

The phosphatide from the tubercle bacilli residues was a nearly 
white granular powder which melted wdth decomposition at 204- 
205°; when rubbed up with water, it formed a colloidal solution. 
On anaWsis the follou'ing values were o])tained: P 3*52, X 0.61, 
ash 12.02 per cent. 

Saponification of Phosphatide I 

For saponification 40.0 gm. of the phosphatide were dissolved 
in 400 cc. of benzene and to the solution were added 7.0 gm. of 
potassium hj^droxide dissolved in 50 cc. of warm absolute alcohol. 
When the solutions were mixed, the color turned light orange and 
after a few minutes a gelatinous precipitate began to separate. 
After the mixture had stood at room temperature for 2 days, the 
solution had set to a stiff gel. 'WTien it was warmed slightly, 
the gel dissolved, leaving a finel}’’ divided precipitate. Since it 
was impossible to filter off the precipitate, the mixture was trans- 
ferred to a separately funnel, diluted with water, and acidified 
with acetic acid. After the mixture had been thorough^ shaken, 
the aqueous layer was drawn off and extracted twice with ether. 
The aqueous solution wns examined for carbohydrate, etc., as will 
be described later. 


Isolation of Fatty Acids 

The ethereal extracts and the benzene solution obtained as above 
w^ere combined and evaporated to drjmess. The residue wns re- 
fluxed for 2 hours with alcoholic potassium hydroxide, after which 
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the fatty acids were isolated in the usual manner and dried. The 
acids formed a slightly bro-vvnish solid at room temperature and 
weighed 26.6 gm., which is equal to 66.5 per cent of the phospha- 
tide. The acids were investigated as will be described in a sep- 
arate paper. 

The Water-Soluble Co7npounds. Isolation of Phosphoiic Acids — 
The ether-extracted aqueous solution was concentrated m vacuo 
to a volume of about 25 cc. and neutralized with ammonia, after 
which a solution of neutral lead acetate was added until no further 
precipitate separated. The lead salts were filtered off, washed 
with water, and decomposed in aqueous suspension with hydrogen 
sulfide. After the lead sulfide had been filtered off, the filtrate 
was concentrated in vacuo to a volume of about 20 cc. and neu- 
tralized with barium hydroxide. A white precipitate of barium 
phosphate separated, which was filtered off, washed with water, 
and dried in vacuo ] it weighed 0.48 gm. The filtrate was diluted 
with 2 volumes of alcohol, whereupon a white flocculent precipitate 
appeared, which was collected, washed with alcohol, and dried 
in vacuo. This substance, which consisted of the barium salt of 
an organic phosphoric acid, weighed 0.36 gm. It was dissolved 
in water, filtered from a trace of insoluble matter, and reprecipi- 
tated by adding 2 volumes af alcohol. The snow-white amorphous 
powder weighed 0.27 gm., and gave a strongly positive Scherer 
reaction, indicating an inosite phosphoric acid. For analysis the 
substance was dried at 78° in vacuo. 

CcHiiOgPBa (395.4). Calculated. Ba 34.75, P 7.84 

Found. " 35.78, 35.79; "8.18, 8.27 

Isolation of Polysaccharide 

The pob’^saccharide contained in the filtrate from the lead salt 
mentioned above was precipitated by means of basic lead acetate 
and ammonia in the usual manner. The filtrate was examined 
for glycerol, as will be described later. 

The lead precipitate was decomposed with hydrogen sulfide. 
The filtrate was concentrated in vacuo to a thick syrup and the 
latter was dehydrated by grinding in a mortar under absolute 
alcohol until a white powder was obtained. The product weighed 
6.9 gm. The alcoholic solution on evaporation to dryness left 
a syrupy residue weighing 0.9 gm. which was not examined. 
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Examination for Glycerol — The filtrate from the basic lead ace- 
tate precipitate was concentrated in vacuo until the free ammonia 
was removed, after which the lead was removed -nnth h 3 ’drogen 
sulfide. The filtrate was concentrated in vacuo to a sjTup, mixed 
with an excess of barium hj'droxide solution, and freed of pre- 
\-iousl 3 ' combined ammonia b 3 " distillation under reduced pressure. 
The barium was then precipitated quantitative^' with sulfuric 
acid, and the filtrate concentrated in vacuo to a S3'rup. The s 3 Tup 
gave no IMolisch reaction, thus indicating absence of carboh 3 'drate, 
but it contained much potassium acetate. It was dissolved in 
alcohol and concentrated h 3 'drochloric acid was added in slight 
excess. Potassium chloride was filtered off and the filtrate was 
concentrated in vacuo to a thick S 3 ’Tup. The S 3 rrup was treated 


Table I 

Cleavage Products from 40 Gm, of Phosphatide I 


Fattj” acids * 

[ 

Qm, 

26.6 

Polysaccharide, white powder 

6.9 

as syrupy residue 

0.9 

Glycerol 

3.1 

Inorganic barium phosphate 

0.48 

Barium salt of organic phosphoric acid 

0.36 


Total recovered 

38.34 



repeatedly with absolute alcohol in order to remove the remain- 
ing potassium chloride and evaporated to dryness in vacuo. The 
S 3 Tupy residue weighed 3.1 gm. and consisted of crude glycerol, 
identified means of the tribenzoyl derivative which melted 
at 76^ 

The cleavage products obtained from 40 gm. of the phosphatide 
are given in Table I. The apparent loss would be covered largely 
by the inorganic basic constituents of the ash in the phosphatide. 

Dephosphorylation of Polysaccharide 

The polysaccharide mentioned in a preceding paragraph was a 
white, amorphous, somewhat hj^groscopic, powder which showed 
an acid reaction to litmus. It gave no reduction with Fehling^s 
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solution until it had been boiled for several minutes with dilute 
sulfuric acid. 

Analysis — Found, P 7.94, N 3.94 

The phosphoinis was split off when 5 gm. of the polysaccharide 
dissolved in 20 cc. of 14 per cent ammonia were heated in a sealed 
tube to 170° for 8f hours. The straw-colored solution was trans- 
ferred to a distilling flask and concentrated in vacuo until the free 
ammonia was removed, after which a slight excess of barium hy- 
droxide was added. The precipitate of barium phosphate was 
filtered off, washed with water, and dried. It weighed 3.9 gm. 

The filtrate was concentrated in vacuo until the ammonia was 
removed, after which the excess of barium was removed quantita- 
tively with sulfuric acid, and the filtrate was treated with norit. 
The colorless filtrate was concentrated to a thick syrup in vacuo. 
Very soon large, colorless, plate-shaped crystals began to separate. 
After complete crystallization the crystals were stirred up with 
cold 50 per cent alcohol, filtered off, and washed with 50 per cent 
alcohol, and with alcohol. The dried crystals weighed 1.07 gm. 

The filtrate on evaporation to dryness left a glassy mass that 
weighed 2.5 gm. and was free from phosphorus and nitrogen. 
This material was treated as will be described later. 

Identification of Inosite — The crystalline substance mentioned 
above after two recrystallizations from water by the addition of 
alcohol was obtained as colorless prismatic crystals that weighed 
1.0 gm. The crystals gave the reaction of Scherer and melted at 
225°. A mixed melting point with inactive inosite showed no de- 
pression. The substance was therefore pure inosite. 

Acetylation of Non-Crystalline Material 

The non-crystalline fraction, 2.5 gm., was acetylated in a mix- 
ture of pyridine and acetic anhydride. The reaction mixture was 
poured into dilute sulfuric acid and the acetyl derivative was ex- 
tracted wth chloroform. On evaporation of the solvent the re- 
sulting thick gum (4.4 gm.) was dissolved in about 10 cc. of methyl 
alcohol and very soon colorless prismatic crystals began to separate. 
The crj'stals were filtered off after the solution had stood in the 
refrigerator for 3 days, and washed vdth cold methyl alcohol. 
The filtrate and washings were concentrated to a thin syrup and 
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again cooled in the refrigerator, ^Yhen another small crop of crj^stals 
was obtained. The two crops of crystals weighed 0.32 gm. and 
consisted of inosite hexaacetate, m.p. 211-212°. The reaction of 
Scherer was positive. 

The filtrate on evaporation to dryness left a colorless, glassy 
mass which weighed 3,9 gm. The substance was extremely soluble 
in the usual organic solvents except petroleum ether and could not 
be crj'stallized from any solvent. A concentrated solution in 
methyl alcohol when mixed with cold water gave only a 
emulsion from which no solid particles separated. 

The acet 3 d value was determined. 

Analysis — ^Found, CHaCO 56.1 

Saponification of the Acetyl Derivative — Since it was impossible 
to crj^stallize the acetyl derivative, it was saponified b 3 ^ refluxing 
in meth 3 d alcoholic solution with aqueous barium hydroxide. The 
free carbohydrate ^Yas isolated as a colorless glass 3 " mass which 
weighed 1.9 gm. .\11 attempts to cr 3 'stallize it were unsuccessful 
but a solid fraction was finally obtained as follows: The substance 
was dissolved in 4 cc. of water and 5 cc. of alcohol were added. 
The faintl 3 ^ cloud 3 ’' solution was poured into 150 cc. of absolute 
alcohol, whereupon a fine amorphous precipitate separated. The 
precipitate was collected, washed uith absolute alcohol, and 
dried in vacuo. The snow-white powder, designated Fraction I, 
weighed 0.92 gm. 

The alcoholic solution on evaporation to dr 3 mess left a stick 3 % 
gum-like residue winch weighed about 1 gm. This material was 
designated Fraction II. 

Examination of Carbohydrate Fraction I 

The substance had no melting point. Heated in a capillar 3 " 
tube, it began to swell at 150-160° and there was slight effen^'es- 
cence at 217-220°. The Scherer reaction was negative; hence in- 
osite was absent. It gave no reduction with Fehling^s solution. 
When it was refluxed with 5 per cent sulfuric acid, the maximum 
reduction was obtained in 2.5 hours and amounted to 56 per cent, 
calculated as mannose. 

Rotation — 0.1705 gm. of substance dissolved in water and di- 
luted to 10 cc. gave in a 1 dm. tube a = -f-1.26°; hence [a]^ = 
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+73.9°. There was no mutarotation. The substance was very 
soluble in water and insoluble in alcohol and it could not be crys- 
tallized. 

Hydrolysis of Fraction I. Isolation of Mannose Phemjlhydra- 
zone — For the hydrolysis 0.2234 gm. of Fraction I was dissolved 
in 20 cc. of 5 per cent sulfuric acid and the solution was refluxed 
for 4 hours. After the suFuric acid had been removed quantita- 
tively with barium hydroxide, the solution was concentrated in 
vacuo to 8 cc. and mixed with 0.3 gm. of phenylhydrazine dis- 
solved in a few drops of alcohol. The crystalline hydrazone which 
separated weighed 0.1741 gm. and after recrystallization from 60 
per cent alcohol melted with decomposition at 195-196°; there was 
no depression of the melting point on admixture with pure mannose 
phenylhydrazone. 

If the carbohydrate had been hydrolyzed only into mannose, 
the yield of mannose phenylhydrazone should have been 0.3526 gm., 
but the actual yield of hydrazone was only about one-half of this 
amount. Accordingly, some other sugar must have been 
formed also. 

The excess of phenylhydrazine was removed with benzaldehyde, 
after which the solution was thoroughly extracted with chloroform 
and concentrated in vacuo to a thick syrup which could not be 
crystallized. This was insoluble in absolute alcohol, neutral to 
litmus, and strongly reduced Fehling’s solution. The reaction of 
Scherer was negative, thus showing that inosite was absent. 

To the syrup in 2 cc. of water 0.3 gm. of phenylhydrazine hydro- 
chloride and 0.4 gm. of sodium acetate were added and the mix- 
ture was warmed until the reagents had dissolved. No hydrazone 
separated, thus indicating that mannose had been removed com- 
pletely. When the solution was heated in a boiling water bath, 
a small amount of an osazone separated, which, after recrys- 
tallization from 50 per cent alcohol, melted with decomposition 
at 208°. The melting point corresponds to that of glucosazone. 

The results obtained indicate that the carbohydrate of Fraction 
I gave about equal parts of mannose and some other reducing 
sugar on hydrolysis. 


Carbohydrate Fraction II 

The substance after it had been dried to constant weight at 
78° in vacuo formed a transparent glassy mass. 
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Rotation — 0.1013 gm. of substance dissolved in water and diluted 
to 10 cc. gave in a 1 dm. tube a = +0.43®; hence [a]o^ = +42.4°. 

For hydroh'sis 0.87S0 gm. of the carboh\'drate was refluxed for 
3.5 hours in 25 cc. of 5 per cent sulfuric acid and the reaction mix- 
ture was worked up as described for Fraction I. In this case the 
jdeld of mannose phenylhA'drazonc, m.p. 195'-196°, was only 0.2 
gra. The filtrate from the h 3 "drazone gave 0.12 gm. of glucosa- 
zone, which melted with decomposition at 20S°. 

It is endent from the results obtained that the carboh^'dratc 
fractions differed in composition. Both fractions when hydrol^^zed 
gave mannose and some other reducing sugar, but in very differ- 
ent amounts. The mannose was easily' identified as the phen^’I- 
drazone, but the nature of the mixture of other sugars remains 
unknoum except for its ability' to ^deld glucosazone. 


Table II 

Cleavage Products from 40 Gm. of Phosphatide II 


1 


Fatty acids .... j 

26.9 

Crude polysaccharide as svrup ... | 

9.2 

glycerol 

1,95 

Inorganic barium phosphate 

0.30 

Barium salt of organic phosphoric acid 

0.27 

Total recovered 

38.62 


Phosphatide II 

In order to check the results reported above a new lot of pol^’- 
sacebaride was prepared from Phosphatide II which had been 
obtained from a separate lot of bacterial residues of Strain 2067. 

The saponification of 40 gm. of the phosphatide, whichappeared 
to be identical in properties vnth Phosphatide I, was carried out 
exactly as described before. In this experiment the gelatinous 
precipitate that separated could be filtered off and was washed 
Tilth benzene and with ether. In order to remove adhering fatty 
acids the precipitate was dissolved in water, acidified with acetic 
acid, and extracted with ether. The fatty acids and the water- 
soluble components were isolated in the same manner as in the 
first experiment. The amounts of cleavage products obtained are 
given in Table II. 

The barium salt of the organic phosphoric acid was combined 
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with a similar barium salt obtained after the polysaccharide had 
been treated with alcoholic potassium hydroxide and was exam- 
ined as will be described later. 

The glycerol was identified by means of its tribenzoate. 

The fatty acids were combined with those obtained in the first 
experiment and examined as will be described elsewhere. 

Examination of Polysaccharide — In an earlier investigation (1) 
it had been observed that an organic phosphoric acid was split 
off when the polysaccharide was treated with alcoholic potassium 
hydroxide; hence the same reaction was carried out in the present 
case. The crude polysaccharide was suspended in 300 cc. of 1 per 
cent alcoholic potassium hydroxide and the mixture was refluxed 
on a water bath for 2 hours. The polj'^saccharide which remained 
as an insoluble powder in the alcohol was filtered off and washed 
with alcohol. 

The alcoholic solution was saturated with carbon dioxide and 
the potassium carbonate which separated was filtered off and dis- 
carded. The filtrate was evaporated in vacuo to dryness and the 
residue Avas extracted Avith absolute alcohol. A syrup AA^eighing 
0.3 gm. Avas obtained on evaporation of the alcoholic extract. 
The syrup AA^hen heated Avith acid potassium sulfate gaA’^e a strong 
odor of acrolein, thus indicating the presence of glycerol. 

The polysaccharide Avas dissolved in a little Avater and the solu- 
tion, after being neutralized Avith acetic acid, Avas mixed AA-ith an 
excess of neutral lead acetate and the precipitate of AAAitrr-insol- 
uble lead salts of inorganic and organic phosphoric ^icids was 
filtered off and Avashed Avith Avater. 

The polysaccharide was isolated from the filtrate by the usual 
basic lead acetate-ammonia procedure, and after deh 3 '’dration bj' 
grinding under absolute alcohol Avas obtained as a Avhite poAvder 
AV'hich Aveighed 4.5 gm. It contained phosphorus and nitrogen. 

Analysis — Found, P 4.55, N 1.27 

The alcoholic mother liquor and Avashings Avhich remained after 
the polysaccharide had been dehydrated were examined as Avill be 
described later. 

Dephosphorylation of Polysaccharide — In previous experiments 
Ave have always found that the phosphorus is removed completely 
AA’hcn the polysaccharide, dissolved in 14 per cent ammonium 
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hydroxide, is heated for about 8 hours in a sealed tube at a tern- 
perature of 160-170®. In the present experiment, however, the 
phosphorus was found to be more firmly combined and it was nec- 
essary" to heat the polysaccharide, dissolved in 14 per cent am- 
monium hy'droxide, four times in sealed tubes before all of the 
phosphorus was split off. The first two periods of heating were 
for 8 hours each at 165-170® and the last two periods were for 6 
hours each at 180®. 


Isolation of Inosilc 

After the phosphorus had been split off, the reaction mixture 
was freed of ammonia and phosphoric acid exactly" as described in 
a preceding paragraph and the solution after being decolorized 
udth norit was concentrated in vacuo to a thick syrup. Cry"S- 
tallization began very" soon and after 24 hours the cry'stals were 
stirred up vdih cold 60 per cent alcohol, filtered, washed vdth. 
alcohol, and dried. The ydeld was 0,7985 gm. and after recry's- 
tallization from water b\" addition of alcohol 0.73 gm. of snow- 
white prismatic cry^stals was obtained. The substance gave the 
Scherer reaction and melted at 225®; there was no depression of 
the melting point when the substance was mixed ^s*ith inactive 
inosite. 

Aceiylalion of the Non-Crystalline Porlion of Carbohydrate — ^Thc 
filtrate and washings from the inosite cry^stals on evaporation to 
drymess left 1.87 gm. of a non-cry’-stalline residue. This substance 
was acetydated in py^ridine and acetic anhy^dride and the acetyd 
derivative was isolated as described before. The derivative which 
weighed 3.4 gm. was cry^stallized from 10 cc. of methyd alcohol, 
and the product was washed vdih cold niethyd alcohol. The fil- 
trate was e.vamined as will be described later. The snow-white 
crystals weighed 0.746 gm. and on recry"stallization from methyd 
alcohol 0.6 gm. of colorless prismatic cry^stals was recovered. 
Heated in a capillary tube, the substance began to sinter at about 
80° and on continued heating it fused to a nearly’' transparent mass 
which cry^stallized at 150-160® and then melted gradually" at about 
190°. The cry^stalline form appeared to be identical with that of 
inosite hexaacetate but the peculiar melting point showed that 
the cry^stals were not pure inosite hexaacetate and it was thought 
that the substance might have been incompletely" acetydated. In 
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order to insure complete acetylation the crystals as well as the 
material recovered from the mother liquors were combined and 
refluxed for 2 hours in acetic anhydi’ide containing fused sodium 
acetate. The acetylation mixture after being concentrated in 
vacuo was shaken with water until the acetic anhydride was de- 
composed. The solid acetyl derivative that separated was filtered 
off, washed with water, and dried in vacuo. The substance which 
weighed 0. 6685 gm. was crystallized from methyl alcohol and gave 
Fraction I, 0.4 gm., as colorless prismatic crystals. Heated in a 
capillary tube, the powdered crystals nearly melted at about 100° 
but at 150° the melt crystallized and fused to a colorless melt 
between 180-190°. 

The mother liquor on concentration deposited colorless pris- 
matic crystals, Fraction II, 0.15 gm., which partly melted between 
80-100°, became transparent at about 130°, and flowed into a 
colorless melt at 180°. 

The peculiar melting points of the crystals would indicate that 
the substance was not homogeneous. Both fractions gave the 
Scherer reaction, thus indicating the presence of inosite. 

Saponification of Acetyl Derivative — Fraction I, 0.1076 gm., and 
Fraction II, 0.0956 gm., were saponified with barium hydroxide 
in dilute alcoholic solution. Found, CH 3 CO 51.76 and 51.18 
per cent. 

The saponified solutions were combined and the barium was 
removed quantitatively with sulfuric acid, after which the solution 
was concentrated in vacuo to a thin syrup. On standing, crystals 
separated which were collected and washed with cold 50 per cent 
alcohol. The dried crystals weighed 42 mg. and after reciystalli- 
zation melted at 223-224°. The Scherer reaction was positive. 
The substance therefore was inosite, which must have been present 
in the crystalline substance as inosite hexaacetate. 

The mother liquors from the crystalline inosite were concen- 
trated in vacuo and gave 192 mg. of a syrup. The latter was 
hydrolyzed by refluxing with 5 per cent sulfuric acid for 3 hours, 
after which the sulfuric acid was removed quantitatively with 
barium hydroxide; the solution was concentrated in vacuo to a 
small volume, and treated with phenylhydrazine. The mannose 
phenylhydrazone that separated melted, after recrystallization, 
with decomposition at 195-196°. 

The excess of phenylhydrazine was removed in the usual man- 
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ner and the solution on concentration to a symp yielded 15 mg. 
of crj'stalline inosite. The mother liquor contained reducing 
sugar which when heated nith phenj'lhydrazine hydrochloride and 
so^um acetate gave an osazone which resembled glucosazone in 
crystal form, but the amount obtained was too small for adequate 
purification. The crude osazone melted with decomposition at 
190 - 192 ^ 

The results recorded would indicate that the crystalline acetyl 
derivative was a mixture of inosite hexaacetate and an acetjd de* 
rivative of a polysaccharide which on hydrolysis gave inosite, man- 
nose, and some other hexose. 

Non-Cry sialline Portion of the Acetyl Derivative 

The filtrate and washings from the cr^^stalline acetyl derivative 
described above were evaporated to diymess in vacuo and gave 
2.72 gm. of a non-cr^’^stalline gum. 

Analysiz — Found, CHjCO 57.C 

Since it was impossible to obtain tins fraction in either a crys- 
talline state or as a solid powder, it was saponified with barium 
hydroxide; the free glycoside was isolated as described above as 
a non-crystaUine gum weighing 1.6 gm. In aqueous solution 
[ocjo = +64.0® without mutarotation. The substance gave the 
Scherer reaction and on hydrolysis with 5 per cent sulfuric acid 
the maximum reduction was attained in 3 hours and amounted to 
55.4 per cent, calculated as mannose. 

After complete hydrolysis the following cleavage products were 
isolated as previously described. 

per cent 


Mannose 37.0 

Crystalline inosite 23.2 

Non*cr 3 ’stalline reducing sugar 36.7 


The non-crj^stalline reducing sugar was obtained after the man- 
nose had been precipitated as the phenylhydrazone and after the 
inosite had been separated by crystallization. The specific op- 
tical rotation of the dried substance was +6.1®, thus indicating 
that it was not glucose. However, when the sugar was heated 
with phenylhydrazine and acetic acid, a good yield of glucosazone 
was obtained, m.p. with decomposition 208--209®. 

Examination of Phosphoric Acids — ^The water-insoluble lead salts 
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obtained after the polysaccharide had been refluxed with alcoholic 
potassium hydroxide, as mentioned in a preceding paragraph, were 
suspended in water and decomposed with hydrogen sulfide. The 
filtrate from the lead sulfide was concentrated in vacuo to a thin 
syrup and mixed with 95 per cent alcohol. A slight amount of 
insoluble matter was filtered off and discarded. The alcoholic 
solution was strongly acid in reaction and on neutralization with 
barium hydroxide gave a white amorphous barium salt, 2.64 gm., 
which was treated with 25 cc. of water. The insoluble portion, 
0.4 gm., was evidently barium phosphate, since it gave a strong 
reaction for inorganic phosphate. 

The filtrate was diluted with an equal volume of alcohol, which 
caused a white amorphous precipitate. The substance which 
weighed 2.12 gm. was combined with the 0.27 gm. of a similar 
water-soluble barium salt mentioned earlier and dissolved in 15 
cc. of water. The solution was filtered from a trace of insoluble 
material and diluted with 30 cc. of alcohol. The resulting pre- 
cipitate was collected, washed with 75 per cent alcohol, and with 
alcohol. The snow-white amorphous powder, 2.25 gm., was easily 
soluble in water and on reprecipitation with alcohol was recovered 
quantitatively. 

For analysis the substance was dried at 78° in vacuo over de- 
hydrite. 

Found, Ba 39.85, P 9.33 

The substance gave the Scherer reaction, thus indicating the 
presence of an inosite phosphoric acid. An attempt was made 
therefore to hydrolyze the acid and to identify such cleavage 
products as might be formed. 

The barium salt, 2.0 gm., was dissolved in a little water and 
20 cc. of 5 per cent sulfuric acid were added. After the barium 
sulfate had been removed, the solution waS refluxed for 3 hours, 
after which the solution was neutralized with barium hydroxide. 
The precipitate was centrifuged off and tested for inorganic phos- 
phate but only a trace was present; the organic phosphoric acid 
had therefore been hydrolyzed to a very small exiient. 

The barium salt of the organic phosphoric acid was recovered 
from the centrifugate by adding 2 volumes of alcohol. The white 
precipitate was collected and washed with 75 per cent alcohol and 
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with absolute alcohol. After being dried in vacuo the snow-white 
powder weighed 1.5 gm. The substance was reprecipitated from 
water b^" addition of alcohol as mentioned above and the recovery 
was quantitative. The salt was analyzed after it had been dried 
at 78° in vacuo. 

Found, Ba 37.10, P 9.15 

The substance gave the Scherer reaction and e\ddently repre- 
sents a slightly impure sample of barium inosite monophosphate. 

The alcoholic mother liquor from the barium salt was examined 
but the only substance that could be identified was a small quan- 
tity of cr 3 "stalline inosite. 

Alcoholic Mother Liquor from the Polysaccharide 

The alcoholic mother liquor after dehj'dration of the crude 
polysaccharide was acid in reaction. It w’as concentrated to a 
thick syrup and the latter was dehydrated a second time by grind- 
ing under absolute alcohol. A small amount of alcohol-insoluble 
substance was filtered off and the filtrate was concentrated in 
vacuo to a syrup. The latter was dissolved in water and neutral 
lead acetate was added until no further precipitate was obtained. 
The lead salt was filtered off and washed with water, after which it 
was decomposed in aqueous suspension with hydrogen sulfide. 
The filtrate was concentrated in vacuo to about 25 cc. and neutral- 
ized with barium hj^'droxide. The water-insoluble barium phos- 
phate that separated was filtered off and the filtrate was diluted 
with 2 volumes of alcohol, which caused a white amorphous pre- 
cipitate. The precipitate was washed vdih dilute alcohol and with 
alcohol and dried in vacuo. It weighed 0.7 gm., and was easily 
and completely soluble in water. The Scherer reaction was nega- 
tive. The substance was anal 3 ’'zed after it had been dried at 78° 
in vacuo. 

Found, Ba 44.87, P 9.60 

These values correspond closely with the calculated composi- 
tion of barium glycerophosphate. 

CjHjOjPBa (307.4). Calculated, Ba 44.70, P 10.08 

The results of the examination of the water-soluble barium salts 
associated with the polysaccharide indicate that two types of or- 
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ganic phosphoric acids were present, namely inosite monophos- 
phoric acid, and glycerophosphoric acid, 

DISCUSSION 

The results of the present investigations on the composition of 
the polysaccharide of the phosphatide fractions isolated from tu- 
bercle bacilli residues are difficult of interpretation. However, one 
fact stands out clearly and that is that the carbohydrates of the 
two phosphatides did not give identical cleavage products. Fur- 
thermore the carbohydrates were quite different from the sub- 
stance which was formerly described under the name of manninosi- 
tose. The reason for the variations in composition that we have 
observed may depend upon one of two things, (a) different car- 
bohydrates may be formed by the bacillus or (b) the configuration 
of the carbohydrate ma}'- have been changed during the heating 
and autoclaving of the bacilli in the preparation of tuberculin. 
We can offer no other explanation, because both carbohydrate 
fractions had been subjected to the same reactions that in earlier 
experiments had always led to the isolation of manninositose. The 
results can only be regarded as curious facts that must be taken 
into consideration in future investigations on the composition of 
the polysaccharide components of the phosphatide of the human 
tubercle bacillus. 


SUMMARY 

1. The polysaccharide fractions of the phosphatides prepared 
from bacterial residues from tuberculin manufacture are not iden- 
tical with the polysaccharide contained in the phosphatide pre- 
pared from living tubercle bacilli, Strain H-37. 

2. Two polysaccharide fractions isolated from two phosphatide 
preparations gave different cleavage products. 

3. The first polysaccharide gave on dephosphorylation free in- 
osite and a glycoside which on hydrolysis gave mannose and some 
other reducing sugar. 

4. The second polysaccharide gave on dephosphorylation some 
free inosite and a glycoside which on hydrolysis gave about equal 
parts of inosite and mannose, together with some other reduc- 
ing sugar. 
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5. The reducing sugars otlier than mannose gave tj^pical glu- 
cosazones. 

6. Neither of the poh'saccharides from the bacterial residues 
gave the gl^Tosidc manninositose. 

7. The organic phosphoric acids separated from the polysaccha- 
rides were of two kinds: (a) an acid corresponding approximately 
in composition to inosite monophosphoric acid, and (6) an acid 
corresponding in composition to gl 3 xerophosphoric acid. 
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STUDIES ON /3-GLUCURONIDASE 

m. THE INCREASE IN ^-GLUCURONIDASE ACTIYIXy OF 
MAMMALIAN TISSUES INDUCED BY FEEDING 
GLUCURONIDOGENIC SUBSTANCES 

By W. H. FISHMAN 

{From the Dcparlmcnt of Biockcmislryj University of Toronto, 
Toronto, Canada) 

(Received for publication, July 11, 1940) 

In an earlier paper (1) from this laboratory" methods of prepara- 
tion and partial purification of extracts of animal tissues contain- 
ing /3-gIucuronidase and a method for the quantitative determina- 
tion of the activity of such extracts were described. More 
recently, a kinetic study of several factors which affect the hy- 
drolytic action of the enzyme on menthol, bomeol, and estriol 
glucuronides was made (2). These studies were imdertaken to 
pro^dde an experimental approach to an investigation of the^ 
metabolism of estriol glucuronide in the body^, since it seemed 
possible that this metabolism might be controlled by" a glucu- 
ronidase. Before proceeding further it was considered desirable 
to investigate the r61e of the enzyme in the detoxication mecha- 
nisms of the body. 

It is well known (3) that the amounts of certain enzymes in 
microorganisms may" be markedly" increased by" adding substrates 
for the enzymes to the media in which the microorganisms are 
grown. However, at the time when the present study" was com- 
menced the only" obsen"ation known to the author which suggested 
that in mammalian tissue an increase in enzymic actmty' might 
be effected by the presence of its substrate was that of Weinland 
(4) who found sucrase in the blood of a dog following the injection 
of sucrose.^ 

' Since the commencement of this work, Leloir and Mufioz (o) have pub- 
lished figures showing that the power of kidney tissue to oxidize ethanol is 
considerably increased b}^ previous administration of ethanol to the ani- 
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Until it has been experimentally demonstrated that |3-glu- 
curonidase can catalyze the synthesis in vitro of conjugated glii- 
curonides, the probable r61e of the enzyme in effecting the 
conjugation of toxic substances with glucuronic acid in animal 
tissues must remain in some doubt. However, it was considered 
justifiable to assume as a working hypothesis that /3-glucuronidase 
does play such a r61e and therefore it was decided to carry out 
experiments to show whether or not the oral administration of 
large amounts of glucuronidogenic substances would induce an 
increase in the enzyme content of animal tissues. 

Experiments upon dogs fed with borneol were first carried out.^ 
The results strongly suggested that the administration of borneol 
had caused a substantial increase in the /S-glucuronidase content 
of several tissues. It was soon apparent, however, that, in the 
interests of economy and general convenience, it would be neces- 
sary to work with smaller laboratory animals in order to obtain 
a sufficient number of observations to permit definite conclusions 
to be drawn. Accordingly a micromethod for the estimation of 
/8-glucuronidase activity was devised; this made it possible to 
carry out experiments on mouse tissue. It was considered that 
the mouse would be a suitable experimental animal, since it has 
been shown by Pryde and Williams (11) that it does excrete com- 
pounds conjugated with glucuronic acid. 

In the present communication the results obtained on dogs fed 
borneol and on mice fed menthol are reported. 

EXPERIMENTAL 

Ex'perimenis with Dogs — On the termination of the period of 
experimental feeding the animals were killed either by a humane 


mal. It .seems possible that this could be ascribed to an increase in the 
kidnc}’’ ethanol dchj^drogenasc in response to increased substrate con- 
centration in the tissues. Yudkin’s (6) work on the other hand suggests 
that the tissues of .alcohol-tolerant rats do not have any increased c.apacitj'' 
to metabolize alcohol. More recently Lightbody and IClcinman (7) have 
shown that the liver arginase of rats increases as a result of feeding the 
animals on a high protein diet, and Klein (8) has demonstrated an increase 
in liver d-amino acid oxidase in rats after thyroid feeding. It seems prob- 
able that in both cases the results maj^ be ascribed to an increase in enzymic 
activity in response to an increased amount of substrate. 

’ Preliminary accounts of experiments on dogs fed borneol have been 
previously made (9, 10). 
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killing pistol or b}’ intravenous chlorofonn injection and the fresh 
tissues were weighed, minced, and the enzyme extracted with 
water 1 hour^s \ngorous stirring. The number of ml. of water 
employed in the extraction was always twice the number of gm. 
of the tissue sample (usually 25 gm.). The mixture was then 
centrifuged for 15 minutes and the supernatant solution was 
poured into a graduated cylinder and the volume noted (A), 
An equal volume of acetone was added and the flocculent pre- 
cipitate which formed was quickly centrifuged. This precipitate 
was then extracted vdth a volume of water equal to (A) and the 
insoluble matter removed b}" centrifuging. All extracts of organs 
other than ovaiy" received another such treatment with acetone. 
The resulting solution of the enz 3 me was free of suspended tissue 
particles. 2 ml. of this final aqueous extract were incubated with 
1 ml. of m/15 menthol glucuronide buffered with 0.1 n acetate 
buffer at pH 5.2 for 8 hours. Control experiments were performed 
with pre^^ouslJ’' boiled extract. The liberated glucuronic acid 
was determined in the manner previousl}^ described (1). The 
results are expressed as mg. of glucuronic acid liberated per gm. 
of tissue. 

The enzymic activity of various tissues of four normal dogs was 
first assa^^ed, thus pro\dding a control group. Each of three ex- 
perimental dogs was fed 5 gm. of bomeol dailj’’ in gelatin capsules 
in the food for 4 or 5 daj^s, 24 hour collections of the urine were 
made, and the zinc salt of bomeol glucuronic acid was then isolated 
from the urine by Quick's method (12). The daily excretion of 
the glucuronide usual!}' became constant by the 4th or 5th day; 
36 hours after the last feeding the animals were killed. The 
enz^une was extracted fi'om the various organs and the final ex- 
tracts were stored in the refrigerator and their acti\dty was assa^'ed 
as quicklj' as possible. The results are illustrated in Fig. 1. 

In the dogs which had been fed bomeol significant increases 
in j3-glucuronidase actmty were obser\’’ed in the liver, kidne}’’, and 
spleen. In the utems, pancreas, and ovary no increase could be 
detected. The Fisher t method for testing the significance of the 
difference of means has been applied to these results and the value 
of P is in the case of liver 0.0375, kidne}’’ < 0.01, spleen < 0.01, 
pancreas 0.08, ovary 0.4, uterus 0.23. 

Experiments with Mice — ^The actmty’' of the enz^une in extracts 
from mouse tissue was determined in the following manner. The 
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organs were quickly dissected out of the carcass and weighed. 
Each organ was minced with a pair of fine scissors into a graduated 
15 ml. centrifuge tube and a small amount of pumice or fine sand 
was added. The contents of the vessel were stirred vigorously 
by means of an air-turbine stirring apparatus for 30 minutes, 
distilled water being added to make up to the final desired volume 
when maceration of the tissue appeared to be complete. This vol- 
ume was regulated within the range of 1.5 to 6.0 ml., depending on 
the quantity of tissue being extracted. The mixture was centri- 
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Fig. 1. The response, in terms of p-glucuronidase activity in tissues, to 
the feeding of dogs with borneol. The activity per gm. of tissue is ex- 
pressed as mg. of glucuronic acid liberated in 8 hours hydrolysis at 37.6° 
from menthol glucuronic acid. The means of the activities found in the 
given tissues for different dogs are indicated by block diagram. Actual 
activities found are shown as points. 

fuged and the volumes of the supernatant liquid and of the precip- 
itate were noted. The activity of the solution was assayed. 
Digestion mixtures were prepared in the following manner. 
In the case of liver, kidney, and spleen, 1 ml. of the extract was 
diluted in a test-tube with distilled water. The volume selected 
was such that the amounts of enzyme contained in a unit volume 
of the diluted extracts were roughly equivalent. This dilution 
was not necessary before the activity of extracts of the testis, 
ovary, uterus, and vagina was assayed. 0.40 ml. of the diluted 
or undiluted extract, depending upon the organ extracted, was 
transferred with a graduated 1 ml. pipette into each of two test- 
tubes. One was immersed in vigorously boiling water for 30 to 
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4.5 seconds, the other remained at room temperature, and to both 
were added 0.40 ml. of 0.1 n acetate buffer (pH 5.0) and 0.2 ml. 
of 0.15 K sodium menthol glucuronidate. The mixtures were 
incubated for 70 hours at 37.5®, and the glucuronic acid liberated 
was estimated by the method previously described (2). 

xV solution of 2 gm. of menthol was emulsified in 15 ml. of Avater 
with the aid of 0.5 gm. (approximate) of soap. 3 drops of this 
solution containing about 20 mg. of menthol were administered 
orally to mice under light ether anesthesia (13). Each of a group 



Fig, 2. The response, in terms of ^-glucuronidase activit 3 ' in tissues, to 
the feeding of mice with menthol. The activity' per gm. of tissue is ex- 
pressed as mg. of glucuronic acid liberated in 70 hours hydrolysis at 37.5° 
from sodium menthol glucuronidate. The means of the activities found in 
the given tissues for different mice arc indicated by block diagrams. Ac- 
tual activities found are showm as points. 

of twelve male mice and seven female mice received at 9 a.m., 
2 p.m., and 5 p.m. 20 mg. of menthol every^ day for 4 day^'S, and 
two doses of 20 mg. of menthol 3 hours apart on the 5th day. 
The animals were killed 3 hours after the last dose and the ac- 
tivity per gm. of tissue was determined and was compared with 
that of the corresponding tissue of the animals of a control group. 
The results are illustrated in Fig. 2. It was not possible to show 
any’’ effect of ether anesthesia on the j8-glucuronidase acti\dty of 
mouse tissue. 
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Liver, kidney, and spleen of mice previously fed menthol pos- 
sessed /3-glucuronidase activity significantly greater than that of 
the corresponding tissues of the control animals. No increase in 
enzymic activity was noted in the testis, ovary, uterus, and vagina. 
The Fisher t method for testing the significance of the difference 
of means has been applied to these results and the value of P is 
in the case of liver < 0.01, kidney < 0.01, spleen < 0.01, testis 
0.49, ovary 0.1, uterus 0.8, vagina 0.45. 

DISCUSSION 

It is clear that the jS-glucuronidase content of several tissues in 
the dog- and mouse can be increased by the administration of glu- 
curonidogenic substances to the animals. If it is justifiable to 
assume that the conjugation of toxic substances with glucuronic 
acid in animal tissues is catalyzed by the enzyme, then the results 
provide clear cut evidence of an increase in the enzyme content 
of animal tissues in response to an overloading of the body with 
an excess of the substrate of the enzyme; and in view of the results 
of Leloir and Munoz, Klein, and of Lightbody and Kleinman, to 
which reference has already been made, one is inclined to believe 
that adaptation of the enzyme systems in animal tissues to cope 
with unusual demands upon them may be a general phenomenon. 
Although it is fully appreciated that until the synthetic activity 
of the enzyme has been demonstrated the justification of the initial 
assumption must remain in some doubt, it is difficult to see how the 
experimental results could be explained unless this assumption is 
a correct one. In the remainder of this discussion it will be as- 
sumed that /3-glucuronidase does in fact catalyze the synthesis of 
conjugated glucuronides. 

Hemingway, Pryde, and Williams (14), on the basis of experi- 
ments in which surviving tissues of the dog were perfused with 
solutions containing glucuronidogenic substances, concluded that 
the liver is "the main, if not the only,” site of detoxication by 
conjugation with glucuronic acid. However, the demonstration 
by Oshima (15) that other organs besides the liver contain high 
concentrations of /3-glucuronidase, and the confirmation of this 
fact in the present work, suggest that the process of glucuronic 
acid conjugation is by no means entirely confined to that organ. 
The increase in /3-gIucuronidase activity which has been shown to 
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occur in other organs besides the liver following the administration 
of glucuronidogenic substances adds considerable support to this 
suggestion. Nevertheless, by reason of its greater total bulk, it 
is probable that the liver is, quantitativeh', the most important 
site of detoxication. It might be pointed out in this connection 
that these results indicate that the determination of the amount 
of glucuronic acid in the urine follo\sing adrainistraton of glu- 
curonidogenic substances which has been suggested by Salt (16) 
as a test of liver function might give somewhat unreliable results. 
The results obtained in the case of the sex organs deserve special 
comment. In both the dog and mouse, administration of the 
glucuronidogenic substance resulted in no increase in the iS-glu- 
curonidase actirit}" in the ovary and uterus, while in the mouse 
no increase of activity was observed in the testes and vagina.^ 
A possible explanation of these results might be that the 
en 2 yTne in these sex organs is not concerned primarily in the 
general detoxication processes of the body, but has some function 
connected uith the metabolism or transport of the sex hormones. 
Experiments designed to investigate this possibility are at present 
in progress. 


SUMMARY 

1. An increase in the /S-glucuronidase activity of various tissues 
of the dog and mouse was induced by the previous oral adminis- 
tration of glucuronidogenic substances, 

2, On the assumption that /3-glucuronidase catalyzes the 
thesis of conjugated glucuronides in mammalian tissue these 
results indicate that an increase has occurred in the enz 3 Tne con- 
tent of animal tissues in response to an overloading of the body 
\rith an excess of the substrate for the enz\Tne. 

The author is greatl}' indebted to Professor G. F, Marrian for 
many helpful suggestions in this investigation and also in the 
preparation of the manuscript for publication. 

Grateful acknowledgement is made to Miss Dorothy Skill for 
technical assistance. 

* An experiment on a single male dog fed borncol indicated that a con- 
siderable increase in the /S-glucuronidase of the testes had occurred. It is 
doubtful, however, if any significance can be attached to a single result. 
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THE RELATIVE ANTIKETOGENIC ACTIYITY OF GLUCOSE, 
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(Received for publication, June 24, 1940) 

Glycine and dl-alanine have been shouai to be as efficacious as 
glucose in the formation of hepatic glj'cogen, although there is 
considerable difference in the rate at which gl^xogen is deposited 
after the feeding of these substances (1). Being equall}' good 
glycogen formers, they should have the same antiketogenic activity, 
but Butts et al, (2) have reported that dl-alanine is much better 
than glycine as an antiketogenic agent. The relation of the dif- 
ference in the rate of glycogen formation after the administration 
of these substances to the method used b3’' Butts et al. to measure 
antiketogenic activitj' suggests the reason for the apparent dis- 
crepanc}^ between glycogenic and antiketogenic acti\dty. These 
investigators measured antiketogenic activit}" by determining the 
influence of the administered substance upon the excretion of 
acetone bodies in the urine of fasting rats which were fed sodium 
acetoacetate. Because of renal threshold changes, urine excretion 
rates alone ma}^ lead to erroneous conclusions (3). But even 
assuming that the urine rate correctly reflected the level in the 
blood, the degree of ketosis as measured by the blood level in these 
rats was the sum of the fasting ketosis plus the acetoacetic acid 
fed plus the ketogenic action of any of the fed alkali freed to exert 
an alkalosis action by the catabolism of the acetoacetic acid with 
which it was combined. Under such circumstances the production 
of ketone bodies would be irregular and the blood concentration var- 
iable. Substances girag the same amount of glycogen could then 
affect the renal excretion of ketone bodies ver^" differently if the 
time of glycogen formation differed. The more slowb^ a substance 
produced glycogen the less its antiketogenic effect might appear 
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to be, for the highest blood acetone body concentrations and in 
all probability urine acetone body excretion would be reached soon 
after the sodium salt was fed when the formation of glycogen was 
at a minimum. This could easily explain the diverse effect of 
glycine which produces glycogen very slowly. In an attempt to 
circumvent this difficulty, we have examined the antiketogenic ac- 
tion of the compounds in question by determining their influence 
upon not onlj’- the acetone bodies in the urine but their concen- 
tration in the blood of fasting rats. We assume that acetone body 
production and utilization are approximately constant in these 
rats and that any decrease in the blood level is due to a reduction 
in their rate of production but we have no direct proof of this. In 
the present experiments, this point is immaterial, for the effect 
is the same with the various substances, regardless of how it is 
brought about. 

After a period on a low protein diet, albino rats were fasted. 
Such a diet leads to a higher fasting concentration for the blood 
acetone bodies (4). Urine collections were commenced on the 2nd 
day of fasting. Urine collections were made over 24 hour periods 
and the substances being studied were generally administered at 
the beginning and middle of the urine collection periods. Excep- 
tions to this are listed in the foot-notes to Table I. Blood acetone 
body determinations were always carried out on blood collected 
at the end of the urine collection periods. Since taking these 
samples involved the sacrifiice of an animal, making blood acetone 
body determinations reduced the number of rats in a group on 
which urine was being collected, as noted in Table I. 

The rats were fed by stomach tube, the solutions^ being meas- 
ured in 5 cc. syringes and the doses given to the nearest 0.1 sq.dm, 
of body surface. Body surface was calculated from the gross body 
weight by the formula of Carman and Mitchell (5). As usual, 
doses administered and the excretion rates are given in terms of 

^ The glucose used was the c.p. anhydrous grade of the Pfanstiehl Chemi- 
cal Compan 3 \ Glycine was purchased from E. R. Squibb and Sons. It 
contained 0.8 per cent ash and 0.25 per cent moisture. PfanstiehPs dl* 
alanine was used, and, according to our analysis, it contained 15.71 per 
cent nitrogen, 0.22 per cent ash, and 0.58 per cent moisture. The K+)- 
alaninc was obtained from F. Hoffmann-La Roche and Company, A. G., 
Basle, Switzerland, in 1935. This preparation has a moisture content of 
0.02 per cent and contained no ash. The [a]” = +2.5® in aqueous solution. 
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''body surface/’ because the total resting metabolism, activity of 
the kidney, intestinal absorption rates, organ ^’eights and composi- 
tion, and other physiological measurements bear a less variable 
relationship to such a mathematical function of the bod 3 ^ weight 
than other measurements of bod}' size (6). Urine was collected 
under light mineral oil. No attempt was made to empty the 
bladders of the experimental animals completely except at the 
beginning and end of a series of collections. Urine acetone bodies 
were determined by Van Slyke’s method (7). Blood acetone 
bodies were determined by the micro adaptation of Van Slyke’s 
method, introduced by Barnes and Wick (8). 

Our results are summarized in Table I. Antiketogenic activity 
is measured by the reduction in the ketonuria and the decrease 
in the level of the blood acetone bodies. The latter are a better 
measure of ketogenesis, for the ketonuria simply reflects the level 
of acetone bodies in the blood and, since they are treated as thresh- 
old substances by the kidney, the urine rates do not always faith- 
fully reflect the blood level. However, in most of our experiments 
the ketonuria figures lead to the same conclusions as a study of 
the changes in the blood levels. There is variability, as might 
be expected in such experiments, but equivalent (based on the 
number of carbon atoms) amounts of glucose, glycine, and dl- 
alanine always have practically the same antiketogenic activity. 
This may be seen in all of the individual experiments (Table I) 
as well as from the weighted averages of all the data. The aver- 
age blood acetone body concentrations are 56 mg. per cent for the 
controls, 20 mg. per cent for the glucose-fed, 22 mg. per cent for 
the glycine-fed, and 19 mg. per cent for the dZ-alanine groups. 
This is the result which would be expected from the similar glyco- 
gen-forming ability of these three compounds (1). Since glycine 
is a slower glycogen former than the other two (1), it is not sur- 
prising that it may at times be slow in exerting its antiketogenic 
effect (Experiment 1, third group). The manner in which a given 
quantity of material is administered may determine to some extent 
the antiketogenic action it exerts. In Ex^periment 2, the same 
amoimt of glucose has the same antiketogenic effect whether it is 
given in a single dose or at the beginning and middle of the periods. 
Glycine and dZ-alanine (Experiment 2, fourth to seventh groups) 
on the other hand have a definitely greater effect when administered 
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in divided doses 12 hours apart than in a single dose every 24 hours. 
It is possible that there is a significant loss in the urine uith a 
single large dose. 

It is of interest (Experiment 1, fourth and fifth groups) that 
Z(+)-alanuie has practically the same antiketogenic activity as 
dZ-alanine. It has been reported (2) to be a better glycogen former 
than dZ-alanine but this may be a question of the rate of formation 
rather than a difference in amount (1). 

SUMMARY 

Glucose and equivalent amounts of glycine, d?-alanine, andZ(+)- 
alanine exert the same antiketogenic action in fasting rats when 
measured by the effect on the level of acetone bodies in the blood 
and the amount of these substances excreted in the urine. 
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The classical theory of blood coagulation (1) postulates two 
phases: 


„ , . . Ca++, thromboplastin , , . 

Prothrombin > thrombin 

. thrombin . 

Fibrinogen > fibnn 


The factor which together with calcium ion is responsible for the 
activation of prothrombin to thrombin has variously been called 
thromboplastin, thromboldnase, thrombozjTne, cytozjmie, etc. 
It appears to occur in most animal tissues, from which it is released 
whenever a wound is produced, thereby giidng rise to extra- 
vascular clotting. Its presence in the extremely fragile blood 
platelets probably is the principal cause of intravascular coagu- 
lation. 

A consideration of the chemistry of the thromboplastic effect 
has to start from a number of facts which have partially been 
knonm for a long time. (1) Alcoholic or ethereal cell extracts 
contain a thermostable factor (called “zymoplastic substance” 
by its discoverer Schmidt (2)) which functions as a clotting 
activator. The substance responsible for this effect is a phos- 
phatide (3-6) and appeara to belong to the cephalin group (5, 7). 


* This work has been supported by a grant from the John and Mary R. 
Markle Foundation. 

t This report is from a dissertation submitted by Seymour S. Cohen 
in partial fulfilment of the requirements for the degree of Doctor of Philos- 
ophy in the Faculty of Pure Science, Columbia University. 
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Blood platelets contain an extremely active cephalin fraction (8). 
(2) Aqueous tissue extracts contain a thermolabile factor of ap- 
parently protein nature which, although much more potent than 
cephalin,^ activates the clotting of hlood in a manner essentially 
similar to that of this phosphatide. Wooldridge (9), one of the 
earliest workers in the field, already considered this substance as 
a phosphatide-protein complex. There are three possible expla- 
nations for the much greater potency of the thromboplastic pro- 
tein as compared with isolated cephalin: (c) the presence in it 
of a particularly active cephalin, (b) an effective orientation of the 
cephalin molecules on the surface of a specific protein, (c) the ac- 
tivity of the phosphatide-free protein component. 

Among the more recent investigations of the thromboplastic 
protein a study by Mills (10) may be mentioned as well as a 
short note by Fischer and Herrmann (11) which appeared while 
our work was in progress. The present paper comprises a study 
of the preparation and properties of the thromboplastic protein 
from lungs, together with some data on its immunological be- 
havior. Additional information on the chemical composition of 
this substance will, it is hoped, be reported later. 

EXPERIMENTAL 

Isolation of Thromboplastic Protein from Lungs 

In a typical experiment, 1860 gm. of lungs from freshly killed 
cattle were minced and extracted in the refrigerator with 3 liters 
of physiological saline for 12 hours. The material was filtered 
through a canvas bag, when 1950 cc. of a turbid solution were ob- 
tained. The addition of enough saturated (NH4)2S04 solution 
to correspond to 10 per cent saturation resulted in the formation 
of a precipitate which after chilling was centrifuged off and dis- 
carded. The supernatant was brought to 30 per cent saturation 
with (NH 4 ) 2 S 04 and the mixture cooled overnight.^ The result- 
ing precipitate was separated from the inactive supernatant by 

‘ For a comparison of the activities of platelet phosphatides and breast 
muscle extract, see Figs. 1 and 3 in (8). 

* The material precipitable between 10 and 30 per cent saturation with 
(NH^IjSOi was found by activity tests with chicken pfasma as substrate 
(8) to contain by far the largest proportion of the thromboplastic protein 
of lung tissue. 
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centrifugation in a refrigerated angle centrifuge at 4000 r.p.m., 
taken up in 200 cc, of physiological saline, and dialyzed against 
running water for 12 hours. The complete removal of salts by 
dialysis was sufScient to produce precipitation of the protein.’ 
The precipitate was, after separation from the inactive super- 
natant, frozen in a solid C02-alcohol mixture and dried in the 
frozen state in a high vacuum. The completely dehydrated 
substance, after exhaustive washing with ice-cold acetone and 
drying in vacuo, weighed 8.5 gm. and was a light tan-colored pow- 
der. In the customaiy' clotting test (8) the addition of 0.00 


Table I 

Thromhoplaslic Protein Preparations from Beef Lungs 


Preparation 

No. 



s 

Activation of plasma clottins 

P 

N 

Thrombo- 
plastin in 0.1 
cc. plasma 

Clotting time* 


j>er cml 

prr cent 

per cent 

mg. 

nin. 

1 


11.8 




2 

1.02 

11.7 




3 

0.83 

12.0 




4 

0.74 

12.7 i 

0.94 


6(130) 

5 

0.95 


1 * 


60120) 

6 ! 

0.87 


1 



7 

0.79 

12.3 

: 0.93 



8 

0.81 

12.2 

j 1.01 




* The nonnal clotting times of the chicken plasma preparations used 
are given in parentheses. 


mg. of this material in 0.03 cc. of saline to 0.1 cc. of chicken plasma 
(clotting time over 2 hours) produced a clotting time of 6 minutes 
at 30°. Analytical data and thromboplastic act unties of a num- 
ber of preparations of the protein are given in Table I. 

The preparations obtained in the manner here described could 
be stored for a long time without loss of activity. It should be 
pointed out that in the process of drying the thromboplastin 
preparations became quite insoluble in water and dilute salt solu- 

* In several experiments the addition of a few drops of dilute acetic 
acid to the dialyzed mixture was found to make the precipitation of the 
thromboplastic protein more complete. 
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tions. The thromboplastic potency of aqueous emulsions of the 
compounds was, however, preserved. Whereas attempts to ef- 
fect the removal of water from the wet preparations by means of 
acetone led to inactive products, the treatment of the dry powders 
with acetone did not affect their activity. Treatment with alco- 
hol resulted in the loss of thromboplastic potency. In a number 
of experiments which will be discussed later in this paper the dry- 
ing process was omitted altogether, and the precipitated proteins 
were, after the dialysis, redissolved in buffer solutions of the de- 
sired pH. It might be noted that the thromboplastic activity of 
the proteins was not injured by solution at pH 8.8 and reprecipi- 
tation at pH 5.1. The addition of 0.03 cc. of a 1 per cent solu- 
tion of the protein which had undergone this treatment to 0.1 
cc. of chicken plasma (normal clotting time more than 2 hours) 
produced a clot in 6 minutes at 30°. 

Isolation of Phosphatides from the Thromboplastic Protein 

The most characteristic chemical property of the thrombo- 
plastic protein is its phosphorus content. In view of the well 
known activity of cephalin in blood clotting it appeared of interest 
to study methods for the isolation of phosphatides from the 
thromboplastic protein. An attempt to bring this about by 
precipitation of the lipids as a complex with a basic dye (12) failed. 
By extraction with ether no phosphatides were removed. When 
an aqueous emulsion of the thromboplastic protein was shaken 
with CHCI3 for 25 hours, only 20 per cent of the total P went into 
the CHCI3. Subsequent extraction of the dried protein residue 
with boiling CHCI3 for a week yielded an additional 10 per cent 
of the total P originally present. 

An effective method for the removal of most of the lipid P was 
found to be the continuous extraction of the thromboplastic 
protein with boiling alcohol-ether. In a typical experiment 
8.00 gm. of a thromboplastic protein preparation containing 0.92 
per cent P {i.e. a total of 73.6 mg. of P) was extracted with 200 cc. 
of boiling alcohol-ether (1:1) for 7 days. The filtered extract 
was evaporated under nitrogen; the lipids were redissolved in 
CHCI3, filtered, evaporated, and dried. They weighed 1.46 gm. 
and contained 3.27 per cent P {i.e. a total of 47.7 mg. of P). The 
extracted protein weighed 6,50 gm. and contained 0.38 per cent P 
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(i.e. a total of 24.7 mg. of P). The purine N of this substance 
(13) was found to be 0.17 per cent, lyhich would correspond to a 
nucleic acid P content of 0.15 per cent. 65 per cent of the P 
present in the thromboplastic protein was thus accounted for in 
the extracted phosphatides, and the presence of 13 per cent in the 
form of nucleic acids was made probable. 

Another method for the isolation of phosphatides from the 
protein is exemplified by the following experiment. The thrombo- 
plastic protein after dialysis w’as emulsified in saline, adjusted to 
pH 5.1, and centrifuged. The washing was repeated twice until 
no more colored impurities were removed. The protein was 
then dissolved in 0.1 sr borate buffer of pH 8.8 to give an ap- 
proTomately 1 per cent solution which was dropped with stirring 
into 4 volumes of boiling alcohol-ether (1:1). After 2 hours at 
room temperature the coagulated protein was removed, the filtrate 
was evaporated to dryness in vacuo, the lipid residue dissolved in 
CHCh, filtered, and again evaporated. 

In a phosphorus balance experiment of this type 450 cc. of a 
solution of the thromboplastic protein at pH 8.8 containing 0.104 
mg. of P per cc. (z.e. a total of 46.9 mg. of P) were slowly poured 
into 2 liters of boiling alcohol-ether (1:1). The dried protein 
residue, after washing with alcohol-ether and with ether, weighed 
2.88 gm. and contained 0.40 per cent P (f.e. a total of 11.5 mg. 
of P). The purine N of the protein residue was found to be 0.35 
per cent, corresponding to a nucleic acid P content of 0.31 per 
cent. Only 5 per cent of the P present in the thromboplastic 
protein was, therefore, unaccounted for. 

The chemical composition of the lipids isolated from the throm- 
boplastic protein by the methods here described will form the 
subject of a future communication. 

Isolation of Protein Moiety of Thromboplasiic Protein 

The mechanism of action of the thromboplastic protein in 
blood clotting is not well imderstood. It appeared of obvious 
interest to attempt the isolation imder as mild conditions as 
possible of the protein constituent of the thromboplastin free of 
P-containing substances. Por this purpose use was made of the 
reaction between protamines and phosphatides, previously studied 
m this laboratory (14). A sinular procedure has recently been 
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applied by Warburg and Christian (15) for the removal of nucleic 
acid from the protein of the oxidizing fermentation enzyme. In 
order to insure the simultaneous removal of phosphatides {e.g. 
lecithin, etc.) less acidic in nature than cephalin, the reaction was 
carried out in alkaline solution. 

The thromboplastic protein, after precipitation between 10 
and 30 per cent saturation with (NH 4 ) 2 S 04 , was dissolved in saline 
and dialyzed against running water for 16 hours. The precipitate 
which had separated was dissolved in 0.1 n NaOH, an aqueous 
solution of salmine sulfate was added until no further precipita- 
tion took place, and the reaction was adjusted to pH 10, The 
mixture was stirred at 0° for 2 hours, the precipitate was centri- 
fuged off, and the supernatant filtered. The filtrate was brought 
to 30 per cent saturation with (NH 4 ) 2 S 04 and adjusted to pH 9. 
The precipitated protein was, after cooling, removed by centri- 
fugation. One portion was dissolved in physiological saline, in 
which it was much more easily soluble than the original thrombo- 
plastic protein, for activity tests; the other was treated with 
acetone and dried for analysis. 

This protein was found entirely free of P; the procedure removed 
not only the phosphatides but also the nucleic acid. This protein, 
free of P-containing substances, had no thromboplastic activity 
whatever. 


Electrophoretic Expenments 

Phosphatides — The type of bond between phospholipids and 
proteins in the compounds occurring in nature commonly desig- 
nated as lipoproteins is not known. Certain synthetically pre- 
pared lipoproteins clearly are true salts between basic proteins 
and acidic phosphatides (14, 12). It was hoped that the behavior 
of the thromboplastic protein in an electric field would shed light 
on this problem. As a first approach experiments on the separa- 
tion of phosphatide mixtures by electrophoresis were carried out. 
The electrophoresis apparatus used was essentially the improved 
arrangement of Theorell (16).^ It was found advantageous to 
place the various compartments, which with the exception of the 
two central electrophoresis glass cells were made of strong ma- 

* We are indebted to Mr. F. Rosebury of the Department of Biochemistry 
for the construction of tlie electrophoresis apparatus. 
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hogany, on wheels in order to facilitate the assembly of the ap- 
paratus. Parchment paper impermeable to phosphatides was 
placed between the glass cells and the buffer reser%^oirs. The two 
center glass cells were separated from each other by Whatman 
filter paper No. 54, which was found most suitable for the free 
passage of migrating phosphatides. At the start of the experi- 
ments all compartments were filled with buffer solution with the 
exception of the glass cell nearest to the cathode, w^hich received 
the solution to be subjected to electrophoresis. 

For the experiments here described a mixture, freshly prepared 
from beef brain by the usual procedures, of lecithin and cephalin 
free from cerebrosides and sphingom3’'ehn was emplo^^ed. Analy- 
.sis showed P 3.2 per cent, N 1.8, amino N 1.5. This material 
w^as emulsified in 0.1 m acetate buffer of pH 5.1 to give a 1 per cent 
emulsion.^ 400 cc. of this emulsion were dialyzed in viscose 
casings for 24 hours against the 30 liters of 0.1 acetate buffer of 
pH 5.1, which w’ere subsequently used in the buffer reservoirs of 
the electrophoresis apparatus. For electrophoresis 400 cc. of the 
dialyzed 1 per cent phosphatide emulsion were introduced into 
the cathode cell,® and a direct current of 220 volts w^as placed 
across the silver-silver chloride electrodes. The experiment 
lasted 2 hours, during \Yhich time the current had risen from 1.25 
to 1.60 amperes. Soon after the start of the electrophoresis the 
material could be seen moving in a sharp boundary away from 
the cathodic parchment membrane into the anode cell, where it 
coated the anodic membrane. At the end of the experiment the 
contents of both cells were quantitatively removed and 2 volumes 
of acetone w'ere added to each of the two emulsions. The pre- 
cipitates vrere cooled, centrifuged off, dried, and extracted with 
ether. The phosphatides were reprecipitated from their filtered 
ethereal solutions by means of acetone. 

* This pH was chosen in view of the experiments on the electrophoresis 
of the thromboplastic protein, the isoelectric point of which appears to be 
near pH 5.1. At this reaction, therefore, an electrophoretic separation 
of the stationary thromboplastic protein from migrating phosphatide 
impurities ought to be possible. Since this pH is intermediate between 
the theoretical isoelectric points of lecithin and cephalin, they should 
move in opposite directions in an electric field. 

® In the following paragraphs the glass cells nearest the cathode and 
anode will be designated as cathode cell and anode cell respectively. 
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The analytical data are contained in Table II, where the "Con- 
trol” represents a sample of the initial phosphatide mixture which 
had undergone the same reprecipitation process without being 
subjected to electrophoretic separation. It can be seen that, 
although considerable concentration of cephalin in the anode cel! 
had taken place, some of the lecithin also had migrated in the 
same direction. The theoretical isoelectric point of lecithin is at 
pH 7.5 (17). The presence of free fatty acids has been shown 
to bring about a considerable depression of the isoelectric point 

Table II 


Electrophoresis of Lecithin-Cephalin Mixture at pH 5.1 



N 

1 



P 

N;P 


per ccTil 

1 

per cent 

per cent of 
total N 

per cent 


Control 

1.61 

1.08 i 

67 

3.26 

1.1:1 

Cathode cell 

1.68 


53 

3.04 

1.2:1 

Anode cell 

1.53 

1.24 

81 

3.12 

1.1:1 


Table III 


Electrophoresis of Thromhoplasiic Protein at pH 8.8 



N 

P 

Before electrophoresis 

mg. per ce. 

3.27 

2.06 

1.14 

mff* per, ce, 

0,36 

0.22 

0.13 

Cathode cell 

Anode cell 



of lecithin (18). It is conceivable that in the present experiment 
the admixtiu:e of the acidic cephalin produced a similar effect. 

Thromboplastic Protein — When a 1 per cent emulsion of the 
thromboplastic protein in 0.1 M acetate buffer of pH 5.1 was 
subjected to electrophoresis in the manner described, no movement 
of material could be observed. For the duration of the experi- 
ment (2 hours) the current varied between 1.10 and 1.40 amperes. 
No evidence for the dissociation of the compound nor for the 
migration of contaminating substances could be found. A small 
amount of protein present in the anode cell at the termination of 
the experiment was doubtless due to filtration, since it had the 
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same analytical composition as the material originally placed in 
the cathode cell. The thromboplastic activity and analytical 
comporition of the protein which had remained in the cathode 
cell were not affected the electrophoresis. 

In another experiment the possible dissociation of the thrombo- 
plastic protein into phosphatide and protein at alkaUne pH was 
investigated. An approximately 2.5 per cent solution of the 
thromboplastic protein in 0.1 m borate buffer of pH 8.8 was sub- 
jected to electrophoresis at about 4 amperes for 1| hours. As 
can be seen from the data contained in Table III, the decrease in 
the N:P ratio of the material transferred into the anode cell as 
compared with that remaining in the cathode cell is so shght that 
no appreciable liberation of phosphatides due to dissociation of 
the thromboplastic protein could have taken place. 

Immunological Experiments 

The experiments reported in the preceding pages showed the 
phospholipids present in the thromboplastic protein to be very 
firmly bound. It appeared of interest to study the antigenic 
properties of this protein which may be considered as a compara- 
tively well defined example of a naturally occurring lipoprotein. 
The part played by lipids in immunity reactions is still a matter 
of dispute. 

Rabbits were used for the immunization experiments. The 
production of immune sera against the thromboplastic protein 
was found to be complicated by the fact that the compound was 
quite toric when injected intravenously. This was to be expected 
on the basis of results obtained by previous investigators. The 
intravenous injection of 8 mg. of the protein in 4 cc. of physio- 
lo^cal saline produced death in one animal by thrombosis in the 
vena cava. In general, 4 mg. of the protein in 2 cc. of saline were 
tolerated, although even this amoimt occasionally produced 
lethal effects. 

The material used for the injections consisted of a very fine 
0.2 per cent suspension of the thromboplastic protein in physio- 
logical saline containing 0.01 per cent of ethyl mercurithiosali- 
cylate. The protein preparation had been dried in the frozen 
state, as described above, and washed with chilled acetone. In 
aU experiments the quantitative agglutination tests were carried 
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out according to the method of Heidelberger and Kabat (19). 
The antigen suspensions used in the quantitative determinations 
were prepared by treating the thromboplastic protein with 100 to 
200 parts of saline in a mortar, and filtering once or twice through 
cotton with gentle suction. These suspensions were stable for at 
least a half hour, and contained between 0.25 and 0.5 mg. of 
N per cc. 

Three series of injections were given.'^ In all cases the indi- 
vidual dose amounted to 4 mg. of protein in 2 cc. of saline. In the 
first series five injections were administered to each of five animals 
in the course of 8 days. Tlie thromboplastic action of the protein 
caused extensive thrombosis of the ear veins, and therefore in the 
two following series the animals received the material intraperi- 
toneally. In the second series twelve doses were administered in 
the course of 3 weeks. The third series of injections comprised 
twenty doses in the course of 5 weeks. After each series blood 
for testing was removed by heart puncture. During the entire 
experiment each animal, therefore, had received a total of 148 mg. 
of the thromboplastic protein. The increase in antibody N during 
the treatment is shown in the following example: I-AS-1 con- 
tained 0.10 mg,, II-AS-1 0.21 mg., III-AS-1 0.24 mg. of antibody 
N per cc. 

The analytical results obtained after the third series of injec- 
tions are contained in Table IV. 

The protein residue obtained by extraction of the thrombo- 
plastic protein with boiling alcohol-ether (1:1) was completely 
devoid of precipitating properties when tested with the antisera 
described above. The same was true of the compound prepared 
by dropping a solution of the thromboplastic protein at pH 8.8 
into alcohol-ether (1:1) at 30°. Repetition of this experiment 
at — 15° yielded a protein which was almost inactive as precipitant. 
On the other hand, the protein obtained by shaldng the thrombo- 
plastic protein in veronal buffer of pH 7.0, as described in Paper X 
(20), had retained about half of its activity. The mildest method 
yet devised for the preparation of a protein free of phosphatides, 
viz. the displacement of the phosphatides in the thromboplastic 

’ The antisera obtained after each of the three scries of injections are 
designated I-AS, II-AS, III-AS respectively, followed by the number of 
the animal. 
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protein by heparin (20), yielded a compound in which the com- 
bining power with the antibody was completely unimpaired. This 
is of interest, since it shows that the phosphatides are not essential 

Table IV" 

Agglutination of Suspensions of Thromboplastic Protein by Rabbit Antisera 


The volume of antigen suspensions was 1.0 cc. in each case. 


Serum 

Volume of 
scrum used 

Total N 

Antigen X 

Antibody N 


cc. 


mff. 

mg. per cc. 

Xormval 

1.0 

0.49 

■0.49 



2.0* 

0.48 



III-.\S-1 

1.0 



0.24 


2.0* 

0.52 



; 1.0 1 

0.66 


0.20 


1 2.0* 

0.51 


ni-.\s-3 

! 1.0 

0.65 


0.18 


; 2.0* 

0.50 

0.48 

in-AS-4 

1.0 

0.71 

mSm 

j 0.23 


I 2.0* 

1 

0.49 

■■ 


* Supernatant. 


Table V 


Thromboplastic Activity of Antigen-Antibody Precipitates 


Serum used* 

1 Clotting timcl 

in. dflutiona of 

l:l 1 

1:2 

1:4 1 

1:8 

Xormal (0.23 mg. X’ per cc.) 

TTtin. ! 
6 

tntn. 

6 


trttn- 

15 

II-AS-I (0.3S “ “ “ “ ) 

3 

3 


9 

II-AS-2 (0.36 ” “ “ " ) . . 

3 

3 


9 

Xormal (0.49 “ “ ■■ ■< j 

3 

i 

1 ^ 


15 

III-AS-1 (0.69 “ “ “ “ ) . 

3 

1 3 


9 


* The figures in parentheses indicate the X content of the original sus- 
pensions of antigen-antibody precipitates, 
t Clotting time of control >120 minutes. 


for the capacity of the thromboplastic protein to combine ^n'th 
antibodies. 

It was of interest to test the precipitates between antigen and 
antibody for thromboplastic activity. The precipitates obtained 
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by the addition of 1 cc. of a suspension of the thromboplastic 
protein in physiological saline to 1 cc. of antiserum or normal 
serum were handled as in the quantitative determination of anti- 
bodies (19). They were then resuspended in 1 cc. of saline and 
tested at 30° by adding 0.03 cc. of various dilutions of these sus- 
pensions to 0.1 cc. of chicken plasma (8). The experimental 
results are given in Table V. As a control the clotting activity 
of a specific precipitate of egg albumin with a rabbit antiserum 
against egg albumin was tested. This compound, for which we 
are indebted to Dr. H. P. Treffers of this College, had no activity 
when tested with chicken plasma. 

DISCUSSION 

The thromboplastic protein described in the present communica- 
tion may be considered a lipoprotein. The study of this lipo- 
protein was made attractive by the fact that it is susceptible to 
biological assay. Both a protein and a phosphatide component 
are required for maximal thromboplastic action. The protein 
component, after removal of the phosphatides, is inactive, and the 
free phospholipids, an exceedingly complex mixture, show no 
more than the activity usually exhibited by cephalin. It is not 
possible to say at present in what manner the phosphatides are 
linked with the protein. Recent studies from this laboratory 
(14, 12) have dealt with lipoproteins, which are true salts. It 
appears doubtful whether the thromboplastic protein falls into 
this class. The result of the electrophoresis experiments appears 
to disprove the assumption that the lipids are present as impurities 
only. The non-dissociability of the thromboplastic protein at 
pH 8.8 speaks against the supposition of a simple salt-like combina- 
tion between the protein and the phospholipids. The lack of more 
detailed structural information is by no means unique with lipo- 
proteins; it extends to most compounds between proteins and 
substances acting as prosthetic groups. 

The fact that mixtures of alcohol and ether in contrast to ether 
alone remove the phosphatides from the thromboplastic protein, 
a phenomenon frequently encountered in work with animal and 
plant tissues and with bacteria, must be due to a destructive action 
of the alcohol on those groupings in the protein which are respon- 
sible for the binding of the phosphatides. 
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The immunolo^cal experiraents showed that the thrombo- 
plastic protein was able to produce antibodies in rabbits. The 
specificity, however, seemed to rest entirely with the protein com- 
ponent of this substance: the thromboplastic protein in which 
the phosphatides had been displaced by heparin (20) was ag- 
glutinated by an antiserum against the intact protein. It should 
be pointed out that the complex between the thromboplastic 
protein and its antibody was active in the promotion of clotting; 
it was in fact more active than the free antigen. Whatever 
molecular configurations contribute to the physiological activity 
of the protein, it is e\ddent that these groupings are not firmly 
combined or "covered'' by linkage of thromboplastin to antibody. 

The authors wish to express their appreciation to Dr. M. Heidel- 
berger of this College for extremely valuable advice regarding the 
immimological experiments. They wish to thank Mr. W. Saschek 
for a number of microanalyses. 

SUMMAHT 

The preparation of the thromboplastic protein from lungs is 
described. Methods for the isolation of phosphatides from this 
lipoprotein are discussed. It was shown by means of electro- 
phoretic experiments that, whereas at pH 5.1 a mixture of free 
lecithin and cephalin moved in an electric field, this was not the 
case with the phosphatides contained in the thromboplastic 
protein. Even at pH 8.8 only a very small amount of dissociation 
took place. The protdn component, after the removal of the 
phosphatides, had no thromboplastic activity. The immunologi- 
cal properties of the thromboplastic protein, which was foimd to 
act as an antigen, are discussed. 
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X. THE REACTION BETWEEN HEPARIN AND THE 
THROMBOPLASTIC FACTOR* 
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(Received for publication, Julj" 15, 1940) 

In the present comraunication the following findings are briefly 
reported. When heparin is made to react with the thrombo- 
plastic lipoprotein from lungs (1), the phosphatides are split off 
the protein carrier and a heparin-protein compound results. 
This compound, in losing its thromboplastic property, has ac- 
quired a new one: it exerts a markedly anticoagulant effect. The 
same series of reactions applied to a model substance, viz, a ceph- 
alin-histone compound (2), likewise leads to a compound con- 
taining heparin. This substance, however, which still retains 
considerable amounts of cephalin, is biologically inactive. This 
shows that the protein moiety of the thromboplastic protein, in 
contrast to histone or salmine, is able to enter combinations with 
cephalin or heparin without destruction of the biological activ- 
ities of the latter substances. 

There have been statements in the literature, mostly unsup- 
ported by direct experimental proof, that the anticoagulant effect 
of heparin was due to its reaction with thromboplastin or ceph-^ 
alin (3-8).^ On the other hand, the bulk of evidence seems to point 
to an inhibiting action of heparin both on prothrombin and 
thrombin for which the presence of a component of the serum 
albumin fraction is required (9-12). It was found that this 

* This work has been'^supported by a grant from the John and Mary R. 
Alarkle Foundation. 

' To speak of a neutralization of cephalin by heparin, as has been done 
by several authors, is incorrect; both substances are strongly acidic. 
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albumin factor could not be replaced by the protein, constituent 
of thromboplastin. 

The fact that heparin under suitable conditions prevents not 
only the formation but also the action of thrombin shows that the 
reaction presented in this paper cannot be the only path by which 
heparin acts physiologically. However, it appears probable that 
both t 3 T)es of reaction, (o) the destruction of thromboplastin and 
(6) the inhibition of prothrombin and thrombin, will have to be 
considered for a proper explanation of the physiological effect 
of heparin. It may be that the presence of heparin in the site of 
tissue injury preponderantly leads to the first reaction mentioned, 
since in that case large amounts of thromboplastin are known to 
be liberated, whereas in the anticoagulant action of heparin in 
circulating or isolated blood the second reaction prevails. It 
should be pointed out that the reaction of heparin with the 
thromboplastic protein brings about the liberation of cephalin 
which in itself is a weak activator of clotting. The relative pro- 
portions of prothrombin, thromboplastin, and heparin present 
in a given system will, therefore, to a large extent decide the re- 
sults of in vitro experiments. 

It will be of interest to see whether the ability of heparin to 
displace acidic prosthetic groups from their protein carriers is of 
more general applicability. 

EXPERIMENTAL 

Reaction between Heparin and Thromboplastic Protein 

Displacement of Phosphatides — In one set of experiments a 
preparation from lungs of the thromboplastic protein which had 
been dried in the frozen state, as described in Paper IX (1), was 
used. This substance contained N 12.0 per cent, P 0.87, S 0.83. 
Suspensions of this material in veronal buffer of pH 7.1 were 
shaken with solutions of heparin,® centrifuged, the solid residues 
washed with chilled water (free of CO 2 ), acetone, and petroleum 
ether, and dried in vacuo over P 2 O 6 . The composition of the re- 
action products is summarized in Table I. A control experiment 

* In all experiments a preparation of the pure sodium salt of heparin 
was used, for which we are indebted to Hoffmann-La Roche, Inc., Nutley, 
New Jersey. 
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carried out in absence of heparin (Preparation 4, Table I) gave 
an interesting result. It showed that prolonged shaking of a 
neutral suspension of the thromboplastic protein resulted in the 
practically complete removal of the phospholipids, which are ex- 
ceedingly diflScult to extract from this protein by treatment vnth 
organic solvents (c/. (1)). The P content of Preparation 4 is most 
likely due to nucleic acid, as a comparison vnth data given in 
Paper IX (1) ^dll show. Preparations 1 to 3, when tested vrith 
activated chicken plasma as substrate (13), showed marked anti- 
coagulant properties. Preparation 4 had no thromboplastic 
activity. 

As a more conclusive approach to the problem of the action of 
heparin on the thromboplastic protein than the one offered by the 


Table I 

Products Obtained by Shaking Thromboplastic Protein in Presence 
of Heparin 


Prepara- 
tion No. 

Thrombo- 

plastic 

protein 

used 

1 

Heparin 

used 

Total 

buffer 

volume 

Duration 

of 

reaction 

Reaction 

product 

■ 

P 

s 



mg. 

cc. 

iira. 

mg* 

per cenf 

per cent 

per cent 

1 

402 

400 

25 

16 


13.9 

0.34 

1.4 

2 

210 

S3 

30 

43 


13.1 

0.38 

1.5 

3 

210 

83 

30 

43 


13.4 

0.30 

1.7 

4 

151 

0 

10 i 

16 

1 114 i 

14,3 

0.27 

0.99 


experiments described in the preceding paragraph, a series of 
experiments was carried out which were designed to demonstrate 
the displacement by heparin of the phosphatides contained in 
thromboplastin . 

To 100 cc. of an approximately 1 per cent solution of the throm- 
boplastic protein in 0.1 m borate buffer of pH 8.8 were added 
300 mg. of heparin, dissolved in 10 cc. of saline. The solution 
was adjusted to neutrality and allowed to stand in the refrigerator 
for hours. It then was brought to pH 5.0 by means of 50 
per cent acetic acid, when flocculation occurred. The precipi- 
tate was separated from the cloudy supernatant by centrifugation 
and washed three times with very dilute acetic acid of pH 5.2, 
All supernatants were united and examined, as will be described 
later. At this stage a small portion of the precipitate was emulsi- 
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fied in physiological saline and used for the biological tests. The 
bulk of the material was twice washed with acetone and dried 
in vacuo over PsOs {Preparation 5, 800 mg. of a grayish powder). 
The analytical data for this and the following preparations will 
be found in Table II. 

A parallel experiment carried out with identical quantities in 
exactly the same way, in which heparin was omitted, yielded 
Preparation 6, 800 mg. of a gray powder (c/. Table 11). 

This series of reactions was repeated with a different preparation 
of the thromboplastic protein, when Preparation 7 (in presence of 
heparin) and Preparation 8 (in absence of heparin) were obtained 
(see Table II). 


Table II 

Reaction between Heparin and Thromboplastic Protein in Solution 


Preparation No. 

N 1 

P 

s 


per cent 1 

per cent 

per cent 

5 

12.6 

0.30 

1.7 

6* 

12.9 



7 

12.1 

0.29 


8* 

12.2 

0.81 



* Control experiments in absence of heparin. 


The experiments here desci’ibed demonstrated the displacement 
of the phosphatides of the thromboplastic protein by heparin. 
In one case the phosphatide fraction split off was isolated. It had 
been observed that in the experiments in which heparin was em- 
ployed the supernatant solutions resulting from the precipitation 
of the protein at pH 5, as described above, were very cloudy, 
whereas the control experiments in absence of heparin yielded 
clear solutions. The united supernatant solutions and washings 
from Preparation 5 were concentrated to complete dryness in 
vacuo at 35°. The residue was extracted with boiling CHCb, 
and the extract filtered and evaporated. The residual oil was 
dissolved in a small amount of ether. On addition of acetone the 
phosphatides precipitated, yielding 28.5 mg. of an almost white 
solid. Analysis showed N 1.9 per cent, P 3.3. This substance 
showed slight thromboplastic activity: 0.06 mg. lowered the clot- 
ting time of 0.1 cc. of chicken plasma from 110 to 53 minutes. 
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The supernatant solutions from Preparation 6 (obtained in 
absence of heparin) treated in the same way yielded no phos- 
phatide whatever. 

Aclwily in Blood Coagulation — ^All substances were tested with 
chicken plasma as substrate at 30° (13). Preparations 5 and 6 
were compared, as stated above, in an approximately 0.8 per cent 
suspension in physiological saline. ^^Tien 0.03 cc. of these sus- 
pensions was added to 0.1 cc. of plasma, the clotting time of 
which was higher than 70 minutes, Preparation 5 prevented the 
clotting for more than 130 minutes, whereas Preparation 6 pro- 
duced clotting in 12 minutes. Similarly, in an inhibition test 
with activated plasma 0.03 cc. of the suspension of Preparation 5 
prolonged the clotting time of 0.1 cc. of plasma from 6 to more 
than 30 minutes. The supernatant obtained by centrifugation 
of this suspension had no anticoagulant activity. 

In another inhibition test vdth plasma activated by the throm- 
boplastic protein, Preparation 7 was compared with heparin. 
It was found to possess about 7 per cent of the anticoagulant 
acti\dty of heparin. This is in satisfactory agreement vnth the 
increase in S content of Preparation 7, as compared with Prepara- 
tion 8, which corresponds to a heparin content of about 5 per cent. 

Heparin, as is well knowm, does not prevent the coagulation of 
fibrinogen by thrombin, unless complemented by a protein which 
occurs in the serum albumin fraction, but is not identical with 
crystalline serum albumin (9-12). It was of interest to see 
whether the heparin-protein compound resulting from the reac- 
tion of heparin vitiih the thromboplastic protein could replace the 
albumin factor mentioned. This, as will appear from Table III, 
was not the case. The heparin-protein compound in itself w^as 
inactive, but the addition of serum albumin sen’^ed to bring out 
the normal anticoagulant effect of the heparin contained in it. 

The experimental results given in Table III were obtained by 
the method pre\’iously described (12). The substances were 
used in the foUondng volumes: 0.1 cc. of a dilute thrombin solu- 
tion (from human plasma) (14), 0.06 cc. of a 0.3 per cent heparin 
solution, 0.06 cc. of a 0.83 per cent suspension of the heparin- 
protein compound (Preparation 7, Table II) in saline (1.01 mg. 
of N per cc.), 0.06 cc. of a solution of the human senun albumin 
fraction insoluble at 77 per cent saturation with (NH<) 2 S 04 (2.82 
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mg. of N per cc.). Corresponding amounts of saline were sub- 
stituted for any of the factors omitted. 3 minutes later 0.2 cc. 
of a fibrinogen solution (prepared from human plasma) was added 
to the mixture. The tubes were examined for clots at fixed in- 
tervals. 

Suspensions of the heparin-treated thromboplastic protein 
were found to split off heparin on prolonged standing, as shown by 
the appearance of anticoagulant activity in the supernatant solu- 
tions after centrifugation of the suspensions. It could, however, 
be demonstrated that the anticoagulant activity of the protein 
complex (Experiment 5, Table III) was not due to heparin which 
was merely adsorbed on the protein. The saline suspension of the 

Table III 


Influence of Heparin-Treated Thromboplastin on Clotting of Fibrinogen 


Experi- 

ment 

No. 

Componente of fibrinogen 
clotting system* 

Clotting time, min. 

2 

5 

10 

15 

20 


iO 

1 

T, Tpl-He 

+ 

n 



m 

H 

m 

2 

T, He 

+ 



i 



■ 

3 

T, He, Tpl-He 

-f- 






■ 

4 

T, A ! 

— 


— 

+ 



■ 

5 i 

T, Tpl-He, A j 

! 

B 

— ! 

— 

B 

fl 

a 


-j- = clot; — = no clot. 

♦ T = thrombin; Tpl-He = thromboplastin after treatment with hepa- 
rin; He = heparin; A = albumin fraction from human serum. 


heparin-protein complex used for the experiments reported in 
Table III was centrifuged after several days in the refrigerator, 
washed three times \vith dilute acetic acid of pH 5, and resus- 
pended in 50 cc. of physiological saline. The activity of this sus- 
pension was compared T\dth that of the supernatant from the last 
w'ashing, the volume of which was likewise 50 cc. Wlien tested 
•with human plasma as substrate, clotting by thrombin took place 
•within 1 minute in the presence of the supernatant, whereas the 
sample containing the heparin-protein suspension failed to clot 
in 2 hours. 

Reaction between Heparin and Cephalin-Histone 

In this ex-periment a cephalin-histone complex (2) which had 
been prepared at pH 4.7 was used. It had the following analytical 
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figures, N 7.9 per cent, P 2.1, S 0.40. To a suspension of 476.4 
mg. of this compound in 20 cc. of veronal buffer at pH 7.2 a solu- 
tion of 400.0 mg. of heparin in 5 cc. of the same buffer was added. 
The mixture was shaken for 16 hours. The undissolved material 
was separated by centnfugation, repeatedly washed with chilled 
water, acetone, and ether, and dried. The light brown powder 
weighed 302.0 mg. Analj^s showed N 9.8 per cent, P 1.5, S 1.5. 
This substance, when tested with chicken plasma as substrate 
(13), showed no acti\dty. 

In another series of experiments a cephalin-histone prepara- 
tion obtained at pH 7.2 was used. Analysis, N 9.4 per cent, P 
1.6, S 0.40. In all cases the mixtures were shaken in veronal 
buffer at pH 6.9 for 24 hours and centrifuged. The solid residues 
were repeatedly washed vdth chilled water, acetone, and petroleum 
ether. For analysis they were dried in vacuo over PjOs at 61®. 

The reaction of 402 mg. of heparin with 501 mg. of cephaUn- 
histone in a total volume of 26 cc. of buffer yielded 395 mg. of a light 
brown powder which had N 10.1 per cent, P 1.3, S 1.3. The rep- 
etition of the experiment in presence of ligroin, in which 507 
mg. of cephalin-histone were shaken with 402 mg. of heparin in 
a total volume of 26 cc. of buffer and 10 cc. of ligroin, resulted in 
417 mg. of a product which contained N 9.8 per cent, P 1.5, 
S 1.0. In a control experiment, in which cephalin-histone sus- 
pended in buffer was shaken with ligroin in absence of heparin, 
no appreciable change in the composition of the substance was 
observed. It was found to contain N 9.3 per cent, P 1.4, S 0.47. 

The compounds which had reacted with heparin, as evidenced 
by the rise in S content, showed no anticoagulant activity. 

We wish to thank Mr. W. Saschek, Mr. A. Bendich, and Mr. 
B. Kress for a number of microanalyses. 

SUMMARY 

The treatment of the thromboplastic protein from lungs with 
heparin results in the displacement of the phospholipid constituent 
by heparin and the formation of a heparin-protein complex with 
markedly anticoagulant properties. The bearing of this finding 
on the theory of blood coagulation is discussed. Model experi- 
ments with cephalin-histone are likewise reported. 
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THE EFFECT OF ALKALOSIS ON THE CHEMICAL 
COMPOSITION OF BRAIN, SKELETAL MUSCLE, 
LIVER, AND HEART* 

By HERMAN YANNET 

{From the Department of PediatrieSj Yale University School of Medicine, 

New Haven) 

(Received for publication, Jub' 19, 1940) 

The data to be presented were obtained by the analysis of tis- 
sues of cats in which alkalosis was produced by a procedure de- 
signed to substitute bicarbonate for chloride without significantly 
altering the volume of body water. Since the concentration of 
serum sodium under these conditions remains relatively im- 
changed, the resulting alkalosis falls in the category of an alkali 
excess due to acid loss. From the point of ^dew of the total extra- 
cellular electrolyte, there was probably little change in sodium 
accompanjdng loss of chloride. 

Clinically, alkalosis of this type is seen principally associated 
with persistent vomiting in pyloric obstruction, and occasionally 
as a complication of alkali therapy in patients with peptic ulcer. 
However, in vomiting, some loss of sodium usually accompanies 
loss of chloride. 

Pre\dous investigations in this field have been concerned pri- 
marily with the associated metabolic and functional disorders 
such as renal impairment (1-6), probable change in liver function 
as evidenced by reduced carbohydrate tolerance, and acetonuria 
(7-9), and circulatoiy and myocardial defects suggested by reduced 
cardiac output (10) and changes in the electrocardiogram (11). 

Procedure 

Cats were used as the experimental animals. They were given 
the usual laboratory diet of canned salmon and milk for at least 

* Aided by grants from Child Neurology Research (Friedsam Foun- 
dation) and the Fluid Research Fund of Yale University School of 
Medicine. 
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1 week before the procedures to be described were carried out. 
No food or water was offered during the experimental period. 
Alkalosis was produced in the following manner. A solution 
containing 50 gm. of glucose and 150 milliequivalents of sodium 
bicarbonate per liter was injected intraperitoneally in amounts 
approximating 100 cc. per kilo of body weight. 5 hours later, a 
similar quantity of fluid was withdrawn. The fluid at this time 
contained as an average 75 milliequivalents of chloride, 50 milli- 
equivalents of bicarbonate, and 130 milliequivalents of sodium 
per liter. The animals were killed 24 hours later, by severing 
the great vessels at the base of the heart. All manipulations were 
carried out under nembutal anesthesia. 

The chemical methods are given in previous publications 
(12, 13). 

Results 

The sera and tissues of twelve animals rendered alkalotic by the 
procedure described were analyzed. In four animals, serum was 
examined at the time of removal of the fluid from the peritoneal 
cavity and again when the animals were killed, 24 hours later. 
Only slight differences between the two respective sera were found. 
It may be assumed, therefore, that the changes found at the time 
the animals were killed probably were present for 24 hours. This 
period of time was considered adequate for equilibration to take 
place between tissues and blood. 

The urine output during this period Amried from 15 to 60 cc., 
averaging 40 cc., and containing an average of 100 milliequiva- 
lonts of sodium and 30 milliequivalents of chloride per liter. 

The clinical picture was difficult to evaluate because of the 
effect of nembutal Avhich seemed to last longer than in normal 
animals. In two instances symptoms suggestive of tetany were 
observed just before the animals were killed. 

Determinations of hydrogen ion concentration Avere carried out 
on seven animals in the group with alkalosis and varied from pH 
7.45 to 7.80, averaging 7.60. The pH on the sera of seven normal 
animals Amried from 7.24 to 7.40, averaging 7.35. For these deter- 
minations the method of Cullen (14) Avas used, as modified for 
the Evelyn colorimeter. 
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Changes in Serum 

The findings in the serum have been summarized in Table I. 
The values for the normal animals were obtained from a previous 
study (15). The changes in the sera of the experimental animals 
consisted of an increase in bicarbonate and non-protein nitrogen 
and a decrease in chloride and water. 'VMiile there was a greater 
scattering of the individual values for sodium and potassium, the 
average values showed little change from the normal. It will be 
noted that the increase in bicarbonate is only half as great as the 
decrease in chloride, although the concentration of total base is 
relatively constant. It is apparent, therefore, that a significant 
increase occurred in that fraction of the acids of the serum which, 


Table I 

Conceniraiion of Serum Constituents in Normal and Alkalotic Cats 



1 No. of 
animals 

i HrO 

Cl 

' Nft 

Total ! 
CO, 

K 

Non* 
protein N 



p«r cent 

nif per I. 

mjf perU 

mif perl. 

mxr perl. 

mg. 

per cent 

Xormal 

34 

94.1 

119.8 

152.7 

20.4 

5.7 

31.5 



±0.3* 


±0.5 

±0.6 


±2.6 

Alkalosis 

12 

93.0 

96.7 

150.0 

32.4 

5.8 

57.7 



±0.2 

i2.6 j 

±3.0 

±2.0 

±0.8 

If 


* Standard error. 


together vdth chloride and bicarbonate, makes up the total anion 
content. This fraction, which Gamble and Ross (16) designated 
as R in their diagrammatic representation of the acid-base balance, 
includes the base-binding capacity of the serum proteins, phos- 
phate, sulfate, and organic acids. It was also found increased by 
Gamble and Ross in their dogs with experimental pyloric obstruc- 
tion. The value for R in the normal group is approximately 
26 milliequivalents and in the alkalotic group, 36 milliequivalents 
per liter of serum water. The change in pH and protein concen- 
tration in the serum increases the base-binding capacity of the 
proteins by 7 milliequivalents per liter. The remainder of the 
difference is probably related to the increases in the serum con- 
centrations of phosphorus (4, 6, 16), sulfate (5), and ketone acids 
(7, 8, 17) which have been demonstrated during alkalosis. 
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Changes in Tissues 

The results of the tissue analyses are summazlzed in Table II. 
The values are expressed per 100 gm. of fat-free solids. The last 
column gives the concentration of univalent base in tissue water. 
A difference between means less than twice the standard error 
of the difference is not considered significant. 

Brain — There were no significant changes in the brain resulting 
from the experimental procedure. The finding of normal brain 
chloride in the presence of a marked decrease in the concentration 
of serum chloride should be noted. 

Muscle — The decrease in muscle water of the cats with alkalosis 
is barely significant and explains the increase in concentration 
of univalent base in muscle water. The content of chloride in 
the muscles of the experimental cats corresponds with the value 
expected at the reduced concentration of serum chloride (15). 

Liver — The effect of alkalosis on the composition of the liver 
includes an increase in w^ater, potassium, and phosphorus and 
to a smaller extent, sodium. The level of liver chloride corre- 
sponds w'ith the value expected at the reduced concentration of 
serum chloride (15). The increase in water therefore represents 
an expansion of the intracellular compartment. When compared 
to the increase in tissue sodium and potassium, the increase in 
water is only two-thirds as large as would have been required 
to maintain unchanged the concentration of univalent base in 
the tissue ■water. The relativ'ely constant nitrogen levels per unit 
of fat-free solid indicates that there had been no significant increase 
in tissue glycogen, which, as Fenn (18) has shown, is deposited 
with water, potassium, and phosphorus. Since the volume of 
extracellular w'ater, as measured by the chloride content, and the 
concentration of serum sodium remained unchanged, the increase 
in tissue sodium probably represents a slight increase in intracellu- 
lar sodium. 

Heai't — The significant changes in cardiac muscle during alka- 
losis are increases in potassium and phosphorus. The chloride 
content is not significantly different from the value expected at 
the level of serum chloride (15). Since there is no change in total 
w'ater, the concentration of univalent base in the tissue w'ater is 
correspondingly elevated. 



Taulk II 

Results of Analyses of Brainy Muscle^ Liver j and Heart of Normal and Alkalotic Cats 
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DISCUSSION 

The changes in the chemical composition of the tissues during 
the alkalosis resulting from the procedure previously described 
might be related to three possible factors: (o) change in the hydro- 
gen ion concentration within the cells, (b) changes in the concen- 
tration of various ions in the extracellular water, (c) impairment 
in certain physiological functions. 

(а) A change in the hydrogen ion concentration within the 
cell does not appear likely for the following reasons. The increase 
in pH of the serum and extracellular fluids in these experiments is 
dependent primarily on the decrease in the concentrations of 
extracellular chloride, while the concentration of total base remains 
unchanged. The only acid that is known to diffuse freely across 
cellular membranes is H 2 CO 3 . From the average values for total 
carbon dioxide and pH, calculation of the COg pressure shows that 
there has been little or no change in H2CO3. A few estimations 
of the total bicarbonate content of the various tissues in the 
normal and alkalotic group were carried out by the method of 
Danielson and Hastings (19). The actual values are not being 
given because the method in our hands is still not sufficiently accu- 
rate for too much significance to be placed on the absolute values. 
However, from a relative point of view, Ave have confidence, from 
our comparative data, in the fact that there was no evidence of an 
increase in tissue total bicarbonate in the alkalotic animals that 
could not be explained on the basis of increased concentration in 
the extracellular fluids. Since the pH in the cell is determined 
by the ratio of these two factors, i.e. COg tension and total bicar- 
bonate, Ave have reasonable evidence for believing that little if 
any change in hydrogen ion concentration occurred within the 
tissue cells of the alkalotic group. 

( б ) The changes in the content of chloride in the muscle, liver, 
and heart agree mth data previously presented (15) describing 
the relationship between the concentration of chloride, in the extra- 
cellular water and the tissue chloride. 

The finding of a normal brain chloride at a time when serum 
chloride is markedly reduced is of considerable interest in view of 
previous work on the chloride content of brain and cerebrospinal 
fluid. From our previous data ( 20 ) we feel certain that an ade- 
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quate period of time had been allowed for equilibration between 
blood, cerebrospinal fluid, and brain. Presumably the procedure 
employed for producing alkalosis in some way influenced the inter- 
relationship between these three factors. It has long been clear 
that, while cerebrospinal fluid sodium has the concentration of a 
serum ultrafiltrate, the concentration of chloride in the fluid is too 
high for such a relationship. Recently Wallace and Brodie (21) 
have demonstrated that chloride in the brain is in ionic equilibrium 
with cerebrospinal fluid rather than with a serum ultrafiltrate, 
as is true in other tissues like muscle, liver, and heart. Further- 
more, these investigators (22) have shown that the mechanism 
presumably responsible for the peculiarity in the composition of 
spinal fluid exists not only in the ventricular chorioid plexus, but 
also is dependent on some function of the membranes separating 
plasma from the interstitial spaces of the central nerv^ous system. 
It was previous^ demonstrated that when the body is depleted 
of extracellular electrolyte, the reduction in brain chloride is pro- 
portionate to the reduction in serum chloride (20). On the other 
hand, Amberson, Nash, Mulder, and Binns (23) found that brain 
chloride remained relatively constant when body chloride was 
replaced by sulfate. In the same experiments other tissues showed 
reduction in chloride proportionate to reduction in serum chloride. 
The depletion experiments differed from those of Amberson et ah 
and from our present alkalosis experiments in that both chloride 
and sodium were reduced in the serum. Consequently, it may 
tentatively be suggested that the concentration of chloride in the 
cerebrospinal fluid and the brain chloride are influenced by the 
concentration of serum sodium as well as by serum chloride. This 
hypothesis fits the recorded observations better than an assump- 
tion of large amounts of chloride fixed in some maimer within the 
cells or extracellular structures. 

Osmotic equilibrium between intracellular and extracellular 
fluid in the brain was shown to be obtained by loss of intracellular 
potassium when the concentration of serum sodium was decreased 
(20). In muscle, under these conditions, the major adjustment 
of osmotic equilibrium was by cellular hydration (15). In the 
present alkalosis experiments, the absence of change in brain 
potassium and muscle water is in keeping with these findings. 

(c) We have no satisfactory explanation for the increase of 
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potassium and phosphorus in the liver and heart during alkalosis. 
Evidence previously cited (1-6) indicating the occurrence of renal 
insufficiency during alkalosis suggests the possibility that impaired 
renal excretion and I’esulting elevation of serum potassium and 
phosphorus may be etiologically related to the changes in the 
tissues. The demonstration of non-protein nitrogen retention 
and of the occasional increase in serum potassium and phosphorus 
in these studies is in line with this possibility. However, the 
following considerations indicate that this is probably not the case. 
There was no significant increase in the average concentration of 
serum potassium, although in four animals this was definitely 
elevated. There was no correlation in the individual animals 
between the level of serum potassium and tissue potassium. 
Moreover, in adrenal insufficiency (12, 24) and in nephrectomized 
rats (24) although a rise in concentration of non-protein nitrogen, 
phosphorus, and potassium in the serum can be demonstrated, 
there was no increase in the potassium or phosphorus contents 
of the liver. Furthermore, while a significant increase in muscle 
potassium was found in the nephrectomized and adrenalectomized 
animals, this was not present in the animals with alkalosis. For 
these reasons, the changes in serum potassium and phosphorus are 
probably not the direct cause of the increase in the content of 
potassium and phosphorus in the liver and heart during alkalosis. 

While previous investigators have presented data suggesting 
impairment in hepatic and cardiac function during alkalosis, we 
have no evidence at present that would imply a causal relationship 
between tissue dysfunction and chemical composition. 

Although the increase in liver water is probably related to the 
increased content of potassium, it is of interest that the resulting 
concentration of univalent base in the liver water is definitely 
elevated in spite of absence of change in the serum total base. 
This is also true in the heart where the increase in potassium is 
unassociated with any change in water. These observations are 
added evidence to that previously cited (15) that the concentra- 
tion of univalent base in tissue water is not the sole determining 
factor in the maintenance of osmotic equilibrium. 

Hastings and Eichelberger (25) studied the effect of alkalosis 
on the distribution of water in muscle. They found that when 
an alkaline isotonic solution is injected there is an appreciable 



H. Yannet 


273 


increase in muscle wat-er of which a third is due to cellular swelling 
and the remainder due to expansion of the extracellular fluid. 
Our results show merely a questionable decrease in the volume of 
intracellular water during alkalosis. The difference in findings 
may be related to the fact that in our experiments there was no 
appreciable change in the total body water, while in those of 
Hastings and Eichelberger there was a retention of water equal 
to more than one-tenth of the weight of the animal. 

It will be noticed that the urine contained an excess of sodium 
over chloride but that the amount excreted was so small as to 
have practically no effect on acid-base equilibrium. Apparently 
the cat does not excrete sodium rapidly enough in the presence of 
a marked deficit of chloride to overcome an alkalosis, in spite of 
the fact that total body sodium is appro.ximately normal. This 
finding recalls the observation that the kidneys do not excrete 
water to preserv^e concentration in the presence of a large deficit 
of sodium and chloride (26). Perhaps renal adjustment does not 
function so as to restore normal concentration when there is a 
marked deficit of any of the constituents of body fluids. 

SUMMARY 

Cats were subjected to procedures leading to reduction in chlo- 
ride, increase in bicarbonate, and no change in sodium in the 
serum. This resulted in a well marked alkalosis which was 
allowed to persist for 24 hours. The effect of this change was 
studied on the chemical composition of brain, skeletal and cardiac 
muscle, and liver. 

There were no significant changes in the brain or skeletal muscle. 

Cardiac muscle showed an increase in potassium and phosphorus 
but no change in total water or its distribution. 

There were significant increases in the liver in water, potassium, 
phosphorus, and to a lesser extent sodium. These changes pre- 
sumably represented an expansion of the intracellular com- 
partment. 
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One of the most striking features of marine organisms is the 
variety and intensity of pigmentation to be obser\^ed in many 
forms. Where the color is due to the presence in the tissues of 
chemical compounds^ the possibility arises that the structure of 
such compounds makes them useful in the economy of the organ- 
ism. The tissues of Mytilus calif ornianns, where the underl^dng 
color is not masked by melanin, vary in color from very pale 
yellow to deep brick-red, depending on the condition of the ani- 
mal, its sex, and other factors as yet undetermined. The struc- 
ture of the animal is such that the pigmented tissues are not 
ordinarily exposed to light; it is then e\ddent that the color, as 
such, can have no biological role, and that any importance which 
may be attached to the pigmentation of the tissues must perforce 
be physiological in nature. 

Palmer (1922) was inclined to the \’iew-point that carotonoid 
pigments were functionless, in the vertebrates at least; the subse- 
quent discovery of the chemical nature of \dtamin A, however, to 
a large extent invalidated Palmer’s argument. The question now 
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remains, whether carotenoids other than vitamin A and its pre- 
cursors have any function in animals. The discovery that inverte- 
brate animals are able to synthesize specific animal carotenoids 
(Lederer, 1938) lends credence to the view that, among certain 
groups of invertebrates at least, colored carotenoids are impor- 
tant in metabolic processes. The only metabolic studies of the 
carotenoids of invertebrates known to the writer have been con- 
cerned with the zoosynthesis of pigments by Crustacea (Verne, 
1926; Abeloos and Fischer, 1926; Fischer 1927; Teissier, 1932; 
Lwoff, 1927). The synthesis of carotenoids from colorless pre- 
cursors by animals has not yet been demonstrated conclusively, 
although the paper of Lwofif gives strong evidence for the occur- 
rence of such a synthesis. 

Mytilus was selected for a metabolic study of carotenoids from 
the many pigmented organisms available because earlier studies 
from this laboratory (Fox et al., 1936, 1937) had shown its suit- 
ability for physiological work and given some information regard- 
ing its physiology. This investigation aimed to secure informa- 
tion with respect to the nature, origin, and metabolism of the 
pigments of Mytilus. 


Methods 

Preparation of Animals — The animals used were all collected 
from the inshore pilings of the Scripps Institution pier. The 
mussels were detached at low tide, care being used to avoid tearing 
the byssus fibers, the adhering organisms were scraped off the 
shells, and the mussels placed in aquaria supplied with running 
sea water. They were left there for at least 12 hours to permit 
evacuation of fecal material. For studies of the effects of fasting 
and of feeding various diets, five to ten animals were placed in 
each of a number of glass jars of about 10 liters capacity, and sea 
water was added; the jars were then placed in a dark room kept 
at a constant temperature of 20°, and the water continuously 
aerated by a stream of fine air bubbles. The water was changed 
at appropriate intervals ; distilled water was added when necessary 
to replace loss by evaporation. 

Extraction and Separation of Pigments — The volume of the entire 
animal (shell volume) was first determined by displacement. The 
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mussel was then opened by severing the posterior adductor muscle; 
if a quantitative estimation of pigments was desired, the animal 
was inverted and the water drained out of the shell. The tissues 
were then dissected out, weighed, and extracted by grinding with 
sand under acetone. The extract was concentrated by evapora- 
tion under a stream of illuminating gas at temperatures ranging 
from 40-60®. The pigment was now passed into petroleum ether 
by dilution of the acetone vnth water; xanthophylls were separated 
from esters and carotenes by partition between petroleum ether 
and 90 per cent methanol. The details of these procedures are 
discussed by Zechmeister (1934), Lederer (1938), and Strain (1938). 

The total amounts of hypophasic (xanthophylls) and epiphasic 
(carotenes and xanthophyll esters) pigment were now estimated 
by spectrophotometric measurements of the absorption of light 
of wave-length 485 m/i by a carbon disulfide solution of the pig- 
ments. This wave-length was chosen because it was found that 
the region of maximum absorption of mixtures of mussel pigments 
always lay between 480 and 490 m^ (see Figs. 1 and 4). The 
values obtained by such a measurement can only be expected to 
be proportional to the total concentration when the relative quan- 
tities of different pigments in the mixture remain the same; how- 
ever, all of the pigments obtained from the mussel were found to 
have absorption maxima between 475 and 500 m/t, and the absorp- 
tion at 485 m/x was in no case less than 90 per cent of that at the 
maximum (Fig. 2). The relative values obtained for concentra- 
tion of total pigment should therefore be fairly accurate. For 
measurements, an aliquot portion of the solution containing all 
of either the hypophasic or epiphasic pigments was evaporated 
to diyness, and the pigment residue dissolved in 5 ml. of carbon 
disulfide (reagent grade). The measurements were made vdth a 
Bausch and Lomb visual spectrophotometer, reading directly in 
density, where this quantity is defined as d = logio lo/I, d being 
the density, and Jo and I being the intensity of a light beam after 
passing through equal and measured depths of pure solvent and 
pigment solution respectively. In solutions which follow Beer^s 
law, d = eclj where Z is the length of the absorbing path in cm., 
c the molar concentration of the solution, and e a constant for 
any particular wave-length, knorni as the molecular extinction 
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(absorption) coefficient. The measurement of density then affords 
a measure of the concentration if the extinction coefficient is 
known. The extinction coefficient of individual pigments was 
determined by measuring the density of solutions containing 
known concentrations of purified pigment. For mixtures, the 
extinction coefficient of crystalline /3-carotene at 485 m/x was avbi- 
tra,rily selected as a standard. 

individual pigments were separated by the chromatographic ad- 
sorption method of Tswett (Zechmeister and von Cholnoky, 1937). 
Calcium carbonate (precipitated chalk, u.s.p.) was generally used 
as an adsorbent, it having been found to give the best separation 
of mussel pigments. As solvent, petroleum ether, benzene, or 
ethylene dichloride was used; in most routine analyses, benzene 
proved most satisfactoiy. For elution, a mixture of 1 part of 
absolute ethanol with 99 parts of petroleum ether was usually 
successful. 

Total lipids were determined by extracting the dried tissues 
with petroleum ether in a Soxhlet apparatus. The total lipid 
extract was saponified, and the organic acids separated from the 
non-saponifiable matter by partition between basic alcohol and 
ethyl ether. Organic nitrogen was determined by the Kjeldahl 
method on the fat-extracted tissues. 

Carotenoid Pigments of the Mussel 

Hypophasic Pigments — ^When the carbon disulfide solution of 
the mixed hypophasic pigments of the mussel is examined with 
the spectrophotometer, absorption curves similar to those shown 
in Fig. 1 are found. The curves shown represent most of the types 
obtained. It was concluded from studies of these curves that the 
pigments of the mussel are the same qualitatively in the two sexes, 
at any season, and after prolonged fasting. This conclusion is 
fully borne out by a study of the chromatograms obtained by 
passing benzene solutions of the pigments through columns of 
calcium carbonate. Minor differences in position and relative 
quantities of various pigments are seen, but, on the whole, the 
composition of the chromatograms is sufficiently uniform to justify 
the description of a typical chromatogram. 

Least strongly adsorbed, and hence near the bottom of the 
column, is a broad yellow band (Pigment I, Fig. 2). This pigment 
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has been crystallized, but in too small quantities to permit of a 
study of all of its properties. Its spectrum, with maxima at 460, 



Pig. 1. Absorption spectra of hypopbasic extracts of Myiilus tissues in 
carbon disulfide. Abscissae, wave-lengths in m/i; ordinates, density 
(logic /o//). The curves were determined by adjusting the depth of the 
solution 80 that the observed density at the maximum was equal to 1.00 
(ratio of transmitted to absorbed light = lo/I = 10). The ordinates on 
the left and right sides, respectively, refer to alternate curves. 
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482, and 513 resembles those of several xantliophylls; by use 
of the “three tube test” (Lederer, 1938) it was proved to be iden- 
tical with zeaxanthin, secured from Dr. H. Strain’s laboratory 
through the kindness of Dr. G. Mackinney. 



Fig. 2. Absorption spectra of individual hypophasic pigments (repre- 
sented by roman numerals) from M^jtihis, Abscissae, wave-lengths in m/x. 

Above Pigment I, there always appears a thin red band (Pig- 
ment II) . This pigment has not been crystallized. It lacks acidic 
properties, as does the similar pigment called glycymerin by Fabre 

1 Smith (1936) has studied the effect of the use of different instruments 
in measuring absorption spectra of carotenoids. The experimental values 
reported here were obtained with the visual spectrophotometer. Others 
are those cited by Strain (1938). 
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and Lederer (1934). The absorption cur\'e of glycyxnerin is less 
sjoninetrical than that of Pigment II, however. Above Pigment 
II, there sometimes appears a thin red band (Pigment III) which 
is suspected of being a decomposition product of Pigment J\* 
Pigment IV is present as a very broad red band, sharp below and 
fading to pink above. It has been obtained in crj^stalline state. 
Several hundred mussels were ground in a meat grinder and ex- 
tracted with acetone. The acetone extracts were concentrated 
by boiling, and the pigment then taken up in petroleum ether. 
The hypophasic material was extracted ^\dth 90 per cent methanol, 
and then forced into petroleum ether by dilution with water. 
Some pigment separated as a flocculent precipitate at this point. 
The precipitate was dissolved in benzene. The petroleum ether 
solution was dried and evaporated, the residue likewise being dis- 
solved in benzene. Both solutions were chromatographed. Pig- 





Fig. 3. Crystals of mytiloxanthin, from methanol-water. X 400 

ment IV was separated from the other pigments, eluted, and dis- 
solved in benzene. Addition of petroleum ether caused formation 
of an amorphous solid mass of pigment. This was filtered out and 
dissolved in methanol. Addition of water resulted in the forma- 
tion of bundles of poorly defined rods (Fig. 3) decomposing at 
128-131° (Berl block; corrected). Recrystallization from ben- 
zene-petroleum ether gave an amorphous precipitate decomposing 
at 140-144° (Berl block; corrected). Both samples were dried for 
several hours in vacuo at 60°. 

The pigment is soluble in benzene, carbon disulfide, and meth- 
anol, but only slightly soluble in petroleum ether. It is hypo- 
phasic in the partition test between 80 per cent methanol and 
petroleum ether, but migrates into the petroleum ether layer when 
the methanol is diluted to 70 per cent. The addition of base to a 
solution of the pigment in alcohol causes an immediate change in 
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color from red to yellow. Acetic acid reverses this change. When 
base is added to a biphasic system consisting of 70 per cent meth- 
anol, petroleum ether, and Pigment IV, the pigment forms a scar- 
let-red precipitate at the interface. Addition of acetic acid to 
the point of neutrality causes the pigment to return to petroleum 
ether. The pigment is resistant to treatment with alkali; after 
3^ hours at 70° in 5 per cent KOH in methanol, chromatographic 
comparison gave no evidence of change in composition. This 
pigment will be referred to in this paper as mytiloxanthin, since 
its properties are different from those of any carotenoid previously 
described. It is interesting to note that this pigment occurs in 
the tissues as a free acid, in contrast to astacin, which is found 
in many tissues as the neutral astaxanthin (Kuhn and Sorensen, 
1939). It should also be noted that frequent studies of the feces, 
which represent a fair sample of the ingested food in view of the 
inefficiency of the digestive tract of the mussel, have failed to 
show any evidence of the presence of mytiloxanthin in the food of 
the mussel. Mytiloxanthin was also found to be absent from the 
diatom Nitzschia closterium, which is a constituent of the food of 
the mussel. 

Above mytiloxanthin may occur yellow and orange bands of the 
type represented by Pigments V and VI. There are also found 
here from time to time pigments with spectra like those of Pig- 
ments III and IV. It is possible that some of these pigments are 
decomposition products of the main components. Pigment V, 
however, has a spectrum like those described for pentaxanthin 
(444, 474, 506 m^x) and fucoxanthin (477, 510 mju), pigments 
which might be expected to occupy a similar position on the chro- 
matogram. Pigment VI may be one of the isomers of zeaxanthin 
described by Zechmeister, von Cholnoky, and Polgar (1939). 

Epiphasic Pigments — In Fig. 4 are presented the absorption spec- 
tra of epiphasic extracts from the same animals and tissues as the 
hypophasic extracts of Fig. 1. It is evident that the epiphasic 
spectra are as uniform as those from the hypophasic extracts, with 
the single exception of the extracts of the digestive diverticulum. 
Here, chlorophyll derivatives and other substances with strong 
absorption in the violet region obscure the spectra of the caro- 
tenoids. The nature of these obscuring substances has not been 
investigated. The chromatogram of the epiphasic extracts on 
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calcium carbonate is remarkablj’’ similar to that of the hypopbasic 
extracts. Substances identical in position on the chromatogram 



Fig. 4. Absorption spectra of epiphasic extracts of Myiilus tissues, in 
carbon disulfide. Abscissae, wave-lengths in m/i. 


and in absorption spectra with Pigments I and IV have been 
observed; both become hypopbasic after hydrolysis, and are prob- 
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ably esters of zeaxanthin and mytiloxanthin respectively. Two 
or three other bands, of small intensity and uncertain occurrence, 
appear from time to time. The remarkable fact, however, is that 
all of the pigments in the epiphasic fraction are strongly adsorbed 
to calcium carbonate. Very rarely, in mussels collected only a 
few hours before analysis, small quantities of pigments not ad- 
sorbed to calcium carbonate are observed; these are presumably 
carotenes. Otherwise, carotenes seem to be completely absent 
from the mussel, despite the fact that they arc undoubtedly pres- 
ent in the plant material which serves as the principal food supply 
of this animal. Substances behaving like carotenes in respect 
to partition between solvents and adsorption affinities were ob- 
served in the diatom Nitzschia closterium and the dinoflagellate 
Prorocentrum micans, both of which (Buley, in Fox et al., 1936) 
serve as food for the mussel, and in the feces of animals fresh from 
the sea. 

In June, 1939, advantage was taken of the presence in the sea 
water off the Institution pier of large numbers of Prorocentrum 
to secure further data regarding this question. Approximately 
1.5 gm. of these organisms were collected by filtering the water 
through a fine silk net and by centrifuging. At the same time, a 
sample of mussels, which had presumably been feeding on these 
organisms, was collected and the feces obtained. The feces, 
judging from the amount of light absorbed by a carbon disulfide 
solution of the pigments at 485 mp, contained 4.38 mg. per cent 
of hypophasic pigment, while the plankton contained only 2.26 
mg. per cent. However, the feces contained 0.752 mg. per cent 
of epiphasic pigment, while the dinoflagellates contained only 
0.258 mg. per cent. That is, the ratio of hypophasic to epiphasic 
pigment in Prorocentrum was about 9:1, while the same ratio 
for the mussel feces was 6:1, indicating definite selection of hypo- 
phasic material in the digestive tract of the mussel. 

Effects of Fasting and of Certain Other Physiological Changes on 
Pigments of the Miissel 

Seasonal and Sexual Variations — During the winter, spring, and 
summer of 1939, approximately 50 normal mussels were analyzed 
individually for carotenoid pigments. The range of concentra- 
tions of hypophasic pigments was from 1.00 to 9.60 mg. per cent. 
(It should be noted that the values for concentrations and weights 
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given in this section of the paper are only relative, being based on 
determinations of the light absorbed at 485 m/u, and expressed 
in terms of mg. of /S-carotene.) The female mussels occupied the 
upper portion of the range (1.76 to 9,60 mg. per cent, mean 4.95 
db 0.421, standard deviation 1.93), while the males had in general 
smaller concentrations of pigment (1.00 to 6,45 mg, per cent, 
mean 2.21 ± 1.27, standard deviation 1.32). No striking seasonal 
variation was apparent, although the analysis of larger numbers 
throughout the year might have shown some slight changes. 
No correlation between size and carotenoid concentration could 
be established. 

The epiphasic pigments did not show the same relation to sex. 
The range obtained for males was 0.182 to 0.72 mg. per cent, with 
a mean value of 0.356 =b 0.03 and a standard deration of 0,147, 
The values for females covered ratually the same range, from 
0,169 to 0.864 mg. per cent, mean 0.34 ± 0.04, standard deviation 
0.174. Again there was little e\ddence for any variation with 
season of the year or size of the animal. 

Effects of Fasting — PreliminaTy studies were carried out in which 
it was attempted to alter the concentration of carotenoid by pro- 
longed fasting. The results were insufficient to show any definite 
trend, except that as much as 3 months of fasting did not appear 
to cause any significant reduction m either epiphasic or hypophasic 
pigments. A carotenoid-free diet, consisting of 1 part of fineb^ 
ground casein, 3 parts of starch (arrowroot or corn-starch), and 
0.01 part of cholesterol was fed to certain other mussels, being 
suspended in the water with the mussels, and replenished as fast 
as removed by them. The mussels ingested this food, as was 
evident from the presence of abundant white feces in the jars. 
However, no change in total weight occurred in approximately 
2 months of such feedings, during which time a control group of 
mussels kept in the sea at the end of the pier nearly doubled in 
weight. Two mussels, fasted from January 20 to May 1 and 
from Jime 23 to August 2, and fed on this diet in the inten^'ening 
period, contained respectively 0.446 and 0.591 mg. per cent of 
epiphasic, and 3.80 and 6.29 mg. per cent of hypophasic pigments. 
In xievr of the fact that the latter animal was a male, the former 
being of indeterminate sex, these results would indicate that in a 
total period of 196 days without carotenoids no appreciable change 
in concentration occurred. 
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To test these observations carefully was subsequently at- 
tempted. Approximately 200 mussels were collected on August 
17, 1939. Of these 150 were distributed among fifteen jars of 
sea water in a dark room at a temperature of 20°. The other 50 
were analyzed as rapidly as possible. Of the fifteen experimental 
jars, the mussels in eight remained without food; those in another 
three were fed on a basal diet consisting of 1 part of dried brewers’ 
yeast, 2 parts of casein, and 7 parts of corn-starch. The food 
mixture was kno^vn to yield no pigment to any of the normal 
carotenoid solvents. The animals in the remaining three jars 
were fed a pure culture of Nitzschia closterium. The feedings were 
initiated after a month of preliminary fasting, and were continued 
during approximately 3 months. The basal diet was usually 


Table I 


Effect of Fasting and of Various Diets on Body Weight of Mussels, Expressed 
hy Change in Ratio of Shell Volume to Tissue Weight 


Treatment 

Time ^ 

Shell volume 
(ml.) ! 

Shell volume 
(ml.) 


Tissue weight 
(gm.) 

Soma weight 
(gm.) 

Gonad weight 
(gm.) 

Fasting 

days 

0- 30 

2.50 ± 0.04 

4.33 

6.93 

it 

43- 74 

3.03 ± 0.07 

4.94 

9.38 

•<< 

116-124 

3.49 

5.50 

10.20 

(( 1 

146-175 

4.00 

5.95 

14.85 

Nitzschia 

138-169 ' 

3.60 

5.64 

11.12 

Basal 

140-160 

3.92 

6.09 

14.45 


added to the jars as rapidly as it could be removed by the mussels. 
About 1 liter of relatively concentrated Nitzschia suspension was 
added to each of the three jars daily. Both diets were readily 
ingested. The water was changed weekly in all but the jars con- 
taining the animals on the basal diet, in which it was changed 
daily. Feedings were usually made on 5 days of each week. 

Effect on Tissue Weight — As a measure of the effectiveness of the 
various experimental treatments, the ratio of shell volume to wet 
weight of tissues was selected. The average values of this ratio 
for various intervals and tissues are presented in Table I. The 
ratio of volume to total tissue weight appears to increase linearly 
at a rate of approximately 0.01 per day, over the period of the 
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experiment. If this weight loss is assumed to result solely from 
the combustion of carbohydrate, a value for the oxygen consump- 
tion of the mussel at 20® of 1.25 cc. of O 2 per gm. per hour is ob- 
tained. TlTiedon and Sommer (1938), measuring this quantity 
directly, obtained values ranging from 0.3 to 2.0 cc. Nitzschia 
feeding appears to retard this weight loss, but the basal diet is 
without effect. 

Effects 0 } Fasting, Etc., on Individual Tissues— Jn order to learn 
whether the observ^ed sexnial differences in pigmentation were due 
simply to the accumulation of pigment in the ova, and to follow 
the movement of pigment within the body during fasting, the 
gonads and somatic tissues were separated in most of the analyses. 
From the first, it was found that the differences in concentration 
of hypophasic pigment were not confined to the gonads, but 

Table II 


Mean Concentration (in Mg* Per Cent) of Pigments in Gonads and Somatic 
Tissues of Twenty Mussels, Collected August 17, 1S39, and Analyzed 
before September S, with Sexual Differences and Their Standard Errors 


Bex 

Hypoptasic pigment 

Bpipliaaic pigment 

Soma 

Gonad 

Soma 

Gonad 

Male 

1.90 =t 0.25 

5.36 ± 0.59 


0.691 db 0.08 

Pemale. 

4.42 i 0.19 

10.97 ± 2.3 


0.370 it 0.05 


Difference 

2.52 ± 0.31 

5.61 ± 2.4 





extended as well to somatic tissues. This is shown in Table II. 
If we choose to consider as significant only those differences which 
are at least twice their standard errors, we find that the hypophasic 
pigments of both somatic and gonad tissues and the epiphasic 
pigment of the gonads differ significantly in concentration between 
male and female tissues. The concentration of hypophasic pig- 
ment can be considered to be a true secondary sex characteristic, 
while that of epiphasic pigment is apparently dependent only on 
the accumulation of pigment in the testes, the composition being 
relatively uniform in all other tissues. 

The results of analyses of fasted animals, and of those fed on 
various diets, showed no significant changes in concentration of 
either type of pigment in either somatic or gonad tissue. This 
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relative constancy of pigment concentration suggests that the 
disappearance of pigment proceeds at the same rate as the loss of 
weight by the fasting animal. Table III indicates the rate of weight 
loss. It is immediately evident that the weight loss is sustained 
mainly by the gonads, that the basal diet has no effect in retarding 
this loss, but that feeding NitzscMa serves to retard it to some 
extent. It should be noted that the effect of Niizschia is exerted 
chiefly on the gonads. 

Changes in Absolute Quantity of Pigment — To determine the 
rate at which pigment disappears, the data in Table II were used 
to calculate the average initial amount of pigment in a typical 
mussel having a shell volume of 125 ml., with tissues weighing 50 
gm. The average concentration of pigment at the conclusion of 
the various experimental treatments was then used to determine 
the amount of pigment remaining in a mussel of the same shell 
volume, with a tissue weight corresponding to the values in Table 
I. The resulting quantities are presented in Table III. It 
will be noted that in many instances only a few animals were avail- 
able for analysis. The figures must consequently be regarded as 
indicative only of trends. 

We observe an apparent increase in amount of pigment in the 
ovaries of two females surviving fasting for approximately 120 
days. However, this increase does not constitute proof of syn- 
thesis, in view of the fact that certain normal females had amounts 
of pigment slightly greater than those attained by these two ani- 
mals. A high degree of retention of pigment is indicated, however. 
The epiphasic pigments of the ovaries of fasted females appear to 
increase regularly in amount with time; those females fed with 
Nitzschia have a larger amount than did the normal females at the 
beginning of the experiment, but somewhat less than did the fe- 
males at 65 days; those fed the basal diet show a definite but small 
decrease in amount. It should also be noted that the largest 
decreases recorded in Table III are those observed in animals 
fed the basal diet; the ovaries, testes, and female somatic tissues 
especially lose large quantities of hypophasic pigment, while the 
testes and the somatic tissues of both sexes lose epiphasic mate- 
rial. In the fasted animals, the testes show the greatest and most 
consistent loss of hypophasic and epiphasic pigments alike. Ex- 
cept for the fact that the feeding of Nitzschia appears to retard the 
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loss of pigment from the tissues of males, the other changes are 
not of great significance. 

Changes in Individual Pigments — In addition to the analysis of 
total pigments, the changes in concentration of zeaxanthin and 
mytiloxanthin were also followed. These results are summarized 
in Table IV. It should be noted that the values for concentration 
and absolute weight are here exact, being based on measurements 
of the absorption coefficients of pure compounds, whereas the 
values for total pigments were only roughly proportional to actual 
concentrations and weights. There appears to be a definite 
increase in the concentration of zeaxanthin in all tissues of fasted 
mussels of both sexes. Moreover, there is a definite increase in 
the total amount of zeaxanthin present in all tissues of other ani- 
mals as well, Avith the single exception of the gonads of the males 
fed the basal diet. This increase is largest in the ovaries of fasted 
females, and is especially evident in the gonads of those animals 
fed Nitzschia. Mytiloxanthin, on the other hand, appears to 
decrease slightly in concentration. There is evidently a decrease 
in the absolute amount of mytiloxanthin in all but the males fed 
Nitzschia] here there is a relatively large increase in the testes, 
and a smaller increase in the somatic tissues. The largest de- 
creases are observed in the gonads of the animals fed the basal 
diet; the somatic tissues of such animals show a decrease, as do 
the females fed Nitzschia. 

Effects of Spawning on Carotenoid Content — During the course 
of the experiment, spawning occurred in more than half of the 
jars. The only consistent feature of the spawning was that it 
invariably occurred from 1 to 12 hours after the water had been 
changed; none occurred during the first 2 months of the experi- 
ment, but spawning was observed at frequent and more or less 
regular intervals during the succeeding 3 months. It was not 
possible to observe which mussels in a given jar were spawning; 
it was therefore necessary to assume that all mussels in a jar in 
which spawning was observed had spawned. 

Table V shows the weights of the tissues and the amounts of 
pigment present in these mussels, compared with the same quan- 
tities in unspawned mussels treated similarly. Unfortunately 
none of the animals fed Nitzschia spawned. The values are 
all computed in the same way as those in Tables III and IV from 
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observed tissue weights for the spawned animals. In general 
it may be said that the amounts of pigment are greater in normal 
than in spawned fasted animals, with the reverse being true of 

Table V 


Effect of Spaioning on A^nouni of Carotenoid (in Mgf) in MnsseZs Fasted and 

Those Fed Basal Diet 



Tissue 

Fasting 

Spawned 

Basal diet 

Spawned 


Tissue weight, gm. 

Soma 

Gonad 

21.0 

8.42 

22.0 1 
7.03 

20.6 

8.66 

21.0 

7.63 


Females. No. of animals 




2 

5 

3 

4 

Epiphasic pigment 

Soma 

Gonad 

m 

0.078 

0.102 

0.052 

0.058 

H| 

Hypophasic pigment 

Soma 

Gonad 

0.970 

3.54 

0.724 

0.980 

0.430 

0.625 

0.469 

0.926 

Zeaxanthin 

Soma 

Gonad 

0.278 

0.728 

m 

m 

0.141 

0.274 

Mytiloxanthin 

Soma 

Gonad 

n 

0.319 

0.438 

0.305 

0.545 

0.176 

0.505 


Holes. No. of animals 




4 

2 

1 

2 

Epiphasic pigment 

Soma 

Gonad 


mm 

0.029 

0.051 

^99 

Hypophasic pigment 

Soma 

Gonad 

0.309 

0.441 

0.246 

0.504 

■ 

il 

Zeaxanthin 

Soma 

Gonad 

0.044 

0.141 

0.062 

0.171 

0.024 

0.043 

0.042 

0.111 

Mytiloxanthin 

Soma 

Gonad 

0.096 

0.241 

0.103 

0.195 

0.039 

0.062 

H 


animals fed the basal diet. The results of both carotenoid content 
and tissue weight measurements for spawned animals fed the 
basal diet are contrary to those for normal animals in that both 
tissue weights and carotenoid contents are generally higher in the 
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spa^Yned animals. Either the Uvo groups were not comparable at 
the beginning of the experiment, or these particular animals were 
able to make use of the basal diet, both for tissue formation and 
for the S 3 nathesis of carotenoids. 

Aside from these results, however, it can be said that in general 
the amount of carotenoids present in the gonads of fasted mussels 
decreases subsequent to spawning. Tins would be expected in 
females, for which analysis of shed ova shows the following com- 
position: epiphasic 0.490 mg. per cent, bypophasic 12.00, zeaxan- 
thin 2.45, mytiloxanthin 6.50. If the difference between normal 
and spawned female mussels is taken to be due entirely to the 
shedding of eggs, however, it is found that the decrease in caro- 
tenoid content is greater than could be accounted for in this way. 
Furthermore, since the sperm is not pigmented, one would not 
expect any loss in carotenoid due to spawning in males. Never- 
theless, a loss of both epiphasic pigment and mytiloxanthin has 
taken place from the gonads of the fasted males. It is interesting 
to note that the increase in zeaxanthin which has taken place in 
these males is almost exactly equal to the decrease in mytiloxan- 
thin. 

Effects oil General MeiabolUm. Lipids — ^Table VI, the values 
for which were calculated in the same way as those for Table V, 
shows the changes in amount of total lipid, organic acid, and non- 
saponifiable matter during the course of the experiments. It will 
be noted that the total lipid shows the same type of sexual differ- 
ence, when the whole animal is considered, as does the bypophasic 
pigment. However, when indi^ddual tissues are examined, it is 
found that this difference is due almost entirely to the accumula- 
tion of organic acids in the ovaries, and presumably in the eggs. 
The somatic tissues of the two sexes do not differ significantly 
from one another, and the non-saponifiable matter likewise differs 
little in amount in the various tissues. It will in general be seen 
also that the sum of organic acids plus non-saponifiable matter 
is never equal to the total lipid, and is often as little as half of the 
latter quantity. This disparity has not been explained satisfac- 
torily. 

Fasting reduces the lipid content of the mussels, but not during 
the first 60 days. This is in line with the view that glycogen con- 
stitutes the principal energy store of moUusks, From 40 to 50 
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per cent of the total lipids and from 20 to 50 per cent of the non- 
saponifiable matter are lost between 60 and 150 days; about 30 
per cent of the somatic organic acids of females is lost during this 
period, but the ovaries lose only a small fraction of their organic 
acids, an indication that these are deposited in the eggs, to remain 
isolated from the rest of the body. The males lose nearly 60 per 
cent of their testicular organic acids during fasting. The non- 
saponifiable matter shows the same trend, being lost in consider- 


Table VI 


Changes in Lipids of Mussel during Fasting, on Feeding Various Diets, and 

after Spawning 



Treatment 

Days 

No. 

of 

ani^ 

mala 

Total lipid 

Organic 

acids 

Non-saponi- 
dable matter 

C3 

a 

o 

CQ 


eS 

0 

o 

CO 

Gonad 

a 

0 

o 

CQ 

Gonad 



■ 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Males 

Fasting 


6 

254 

232 






n 

■ 

8 

224 

226 

60.5 

84.4 

61.0 

57.0 


It 

150 

3 

141 

107 

37.8 

35.0 

33.0 

30.6 


“ spawned 


3 

163 

94.9 

47.4 

41.3 

41.9 

26.8 


Nitzschia 


5 

154 

150 

37.4 

49.6 

41.3 

.36.1 


Basal diet 


0 








spawned 


2 

131 

82.0 

36.8 

23.2 

32.9 

23.1 

Females 

Fasting 


3 

294 

532 








5 

295 

425 

77.6 

142 

53.1 

75.5 


ti \ 


4 

156 

264 

56.7 

137 

41.4 

46.0 


“ spawned 


4 

182 

154 

60.0 

65.5 

40.0 

26.8 


Nitzschia 


1 

199 

346 






Basal diet 


5 

154 

185 

43.5 

99.4 

32.0 

38.0 


spawned 


4 

134 

86.5 

26. 9| 

31.0 

30.2 

18.4 


able quantities from all tissues of both sexes. The feeding of 
Nitzschia retards this loss of lipids from males. The feeding of 
the basal diet is virtually without effect in females. 

Water, Protein, Carbohydrate — The water content of the tissues 
remains nearly constant throughout, the mean values for the 
somatic tissues being 83.00 =b 0.363 per cent and for the gonads 
81.65 dz 0.834 per cent; the difference between the two types of 
tissue is not significant. The values are lower than those obtained 
by Dr. D. L. Fox (personal communication) on whole mussels, 
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owing to an ine\itable loss of blood during dissection. The pro- 
tein content of the tissues, expressed as 6.25 times the organic 
nitrogen content of the fat-extracted tissues, shon*s no difference 
with sex, and is only slightly higher in the gonads (10.6 per cent) 
than in the somatic tissues (9.8 per cent) after 60 days of fasting. 
Further fasting results in only a slight decrease in the somatic 
tissues though a noticeable change takes place in the gonads. In 
fasted animals, there is a tendency for the protein concentration 
to increase, although a few indmduals show a marked decrease. 
In animals fed Niizschia and the basal diet, the concentration falls 
sharply below the level of the fasted animals. This is likewise 
true in general of spa\\med animals, the gonads of which have very 
low protein concentration, regardless of sex. 

Since the fat content is small compared with that of proteins, it 
may be assumed that carbohydrate concentration varies inversely 
with that of proteins. If this is true, then we may say that car- 
bohydrates decrease in concentration in the gonads of fasted ani- 
mals between the 2nd and 6th months of fasting. In the somatic 
tissues, there is little change in concentration; in the gonads of 
animals fed Nitzschia and the basal diet, the decrease is retarded. 
It appears likely also that in fasted mussels the concentration of 
carbohydrates in the gonads of spawned is larger than that in 
unspawned mussels. 


DISCUSSION 

Zechmeister (1937) divides vertebrates into four groups, with 
respect to the types of carotenoid stored; the mussel is evidently 
similar to animals such as the birds in that only xanthophylls are 
selected from the dietary supply of carotenoids avaUable. Fur- 
thermore, there is e^^dence, from the relative simplicity and con- 
stancy of the qualitative picture presented by the carotenoids of 
the mussel, that only a few xanthophylls are selected. 

These few pigments are subjected to certain transformations 
by the mussel, including esterification and the synthesis of the ani- 
mal pigment mytiloxanthin. Some light is thrown on this syn- 
thesis by the ex*periments during fasting; in the fasted males, the 
amount of m3rt.iloxanthin showed a progressive decrease. T^en 
the animals were fed the diatom Nitzschia, known to contain no 
mytiloxanthin, the amount of m 3 rtiIoxanthin, instead of decrees- 
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ing, increased. Evidently some substance present in Nitzschia 
serves as a precursor for mytiloxanthin. 

Further evidence of synthesis of pigment by the mussel is pro- 
vided by the fact that zeaxanthin increases in amount during 
fasting; such an increase takes place when mussels are fed on the 
basal diet as well. When Nitzschia is fed, furthermore, zeaxanthin 
accumulates to a much greater extent than during fasting. Cer- 
tain observations of Heilbron and Phipers (1935) are of interest 
in this connection; on the basis of rather scanty evidence, they 
postulate a conversion of fucoxanthin to zeaxanthin in the alga 
Fucus vesiculosus. Strain (1938) finds no evidence of such a 
change in higher plants, but, in view (1) of the presence of a sub- 
stance (Pigment V, Fig. 2) resembling fucoxanthin in the mussel 
and in Nitzschia, and (2) of the report of Heilbron and Phipers 
that a substance resembling mytiloxanthin in some of its proper- 
ties is found in Fucus, further chemical and physiological study of 
the interrelations of fucoxanthin, mytiloxanthin, and zeaxanthin 
should be of interest. 

The most striking quantitative feature of the pigmentation of 
the mussel is its variation with sex. As was noted in the experi- 
mental part, both somatic and gonad tissues of females contain 
a higher concentration of hypophasic pigment than similar tissues 
of males. The association of carotenoids with sex is a common 
one. Most ova of marine animals are colored by carotenoids, and 
the corpus luteum of mammals acquired its name from the color 
conferred upon it by its carotenoid content. The work of Moewus 
(1939) indicates that the pigments crocin and crocetin are con- 
cerned with the development of motility and with conjugation 
in gametes of the alga Chlamydomonas. Sexual differences in 
pigment concentration are fairly common in animals (Verne, 1926) 
and are known in plants (Emerson and Fox, 1940). 

The results of the fasting experiments permit several con- 
clusions. First of all, it is noted that the metabolism of caro- 
tenoids is apparently not an intense one. The pigments disappear 
during fasting at a rate which insures that their concentration in 
the tissues rarely falls by any significant amount, and may even 
increase slightly. It appears that loss of pigment is accelerated 
by two factors. First, those animals fed the basal diet appear to 
have lost more pigment than the fasted animals. Secondly, 
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spawning seems to result in a loss far in excess of that to be ex- 
pected from the mere removal of carotenoid in the eggs. If we 
assume, on the basis of most of the determinations of body weight, 
that the basal diet was not utilized by the mussels, while some 
benefit was derived from the Niizschia cells which were fed, we 
may derive a tentative explanation of these phenomena. The 
feeding process, in the mussel, involves (1) production of a current 
of water through the mantle cavity by means- of the ctenidial 
cilia, (2) secretion of mucus by the ctenidial cells, (3) entanglement 
of food particles in the mucus, vith transfer of the mucus strands 
containing food to the mouth by the action of the cilia. Fasting 
mussels, living in water completely free of suspended matter, 
would prasumabl}’’ not carr}^ on this process to any considerable 
extent; onl}^ a current of water sulBcient for respiratory purposes 
would probably be produced. Feeding mussels, on the other hand, 
would be active continually in filtering the water and ingesting 
food. If they were unable to digest the basal diet, they would 
have no source of material to replace the substances consumed by 
the activities of feeding; on the other hand, by digesting and ab- 
sorbing a portion of the Nitzschia material, they would be able 
to replenish these substances to some extent. It seems likely, 
then, that tissue carotenoids are consumed in the course of the 
actmties associated vdth feeding. The association, iu the verte- 
brates, of Autamin A with the integrity of mucous surfaces is 
brought immediately to mind. 

The disappearance of carotenoids from the gonads of fasted 
animals may be taken as an indication that the carotenoids play 
some role in gametogenesis. This \aew-point is strengthened by 
the observ^ation that the gonads act as a store of reser\^e caro- 
tenoids, dravTi upon in fasting. The gonads also ser\’'e as a store 
of carbohydrate, but not of lipid, which disappears uniformly 
from all the tissues in fasting. In line with this last observation, 
it should be noted that the distribution of carotenoids is inde- 
pendent of that of other lipids; this is contrary to the assertion 
which is sometimes made (see Zechmeister (1937)) that the dis- 
tribution of carotenoids in the animal body is dependent largely 
on their solubility in fatty substances. Both lipids and caro- 
tenoids, however, are accumulated to a considerable extent by the 
eggs. 
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SUMMARY 

1. The results of a qualitative study of the carotenoid pigments 
of Mytilus californianus are reported. 

2. It is found that only xanthophylls of a few types and their 
esters are present in the tissues of the mussel; Mytilus selects the 
xanthophylls of the food and rejects the carotenes. 

3. A new acidic xanthophyll with an absorption maximum at 
500 my is described, and provisionally referred to as mytiloxanthin. 

4. Quantitative studies of the distribution of carotenoids in 
Mytilus show that the concentration of hypophasic pigments in 
all tissues of female mussels is higher than that of males. 

5. The changes in concentration and amount of carotenoid, 
lipids, organic nitrogen, and water were followed during a period 
of 6 months, in mussels subsisting on a basal carotenoid-free 
diet, on a diet of Nitzschia closterium, and without any source of 
food. 

6. It is found that the gonads act as a store of carotenoid and of 
carbohydrate, but not of lipid. The concentration of carotenoids 
is independent of that of lipids. 

7. Prolonged fasting results in a very small loss of pigment; 
during fasting mytiloxanthin disappears and zeaxanthin is formed. 

8. Both mytiloxanthin and zeaxanthin increase in amount when 
the diatom Nitzschia is fed; mytiloxanthin is not present in Nitz- 
schia. 

9. The activities of feeding and of gametogenesis are shown to 
be associated with an increased destruction of pigment. 

10. The results of the investigation are definitely in favor of 
the view that carotenoids play a positive role in the metabolism 
of Mytilus. 
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LETTERS TO THE EDITORS 


THE UTILIZATION OF CARBON DIOXIDE IN THE 
SYNTHESIS OF a-KETOGLUTARIC ACID* 


Sirs: 

The utilization of carbon dioxide in photosynthesis and in the 
metabolic processes of certain bacteria,^ plants," and j’^east^ has 
been clearly demonstrated. Using radioactive carbon, we have 
been able to show a comparable assimilation of carbon dioxide by 
the tissues of a higher animal; namelj’', in the synthesis of a-keto- 
glutaric acid from p3Tn\dc acid by pigeon liver. 

The protocol of a typical experiment follows. 8.1 gm. of 
minced pigeon liver were suspended in 60 ml. of the Krebs saline- 
bicarbonate medium,^ pH 7.4, in which the bicarbonate had been 
prepared from radioactive carbon (Cn) obtained by the bom- 
bardment of boron with deuterons. 1.7 ml. of 0.1 m sodium 
malonato were added and the tissue suspension equilibrated with 
a mixture of 95 per cent O2 and 5 per cent CO2 for 10 minutes at 
40®. 10 ml. of 0.2 M sodium pyruvate were added and the reac- 
tion vessel shaken \dgorousl3’' for 40 minutes at 40°. The solution 
was deproteinized with metaphosphoric acid and, after the addi- 
tion of a small quantity of a-ketoglutaric acid to act as a carrier, 
the a-ketoglutarate was precipitated as the 2,4-dinitrophenyl- 
hydrazone. The precipitate, after thorough washing with 10 
per cent HCl and diying in vacuo, melted at 222° (uncorrected) 

* This work has been aided by grants from the Dr. Wallace C. and Clara 

University of Chicago and from Armour 

and Company. 

Werkman, G., Biochem. J 30, 4S (1936): 32, 1262 
(1938); 34, 7 (1940). Phelps, k. S,, Johnson, M. J., and Peterson, W. H , 
Biocftem. J., 33, 726 (1939). Elsden, S. R., Biochem. J., 32, 187 (193S). 
Gaison, S. F., and Ruben, S., Proc. Nai. Acad. Sc., 26, 422 (1940). Barker, 
M. Ruben, S., and Kamen, HI. D., Proc. Nat. Acad. Sc., 26, 426 (1940). 
661 Kamen, M. D., J. Am. Chem. Soc., 61, 

• Ruben, S., and Kamen, M. D., Proc. Nat. Acad. Sc., 26, 418 (1940). 

Rrebs, H. A., and Henseleit, K., Z. physiol. Chem., 210, 33 (1932). 
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and showed no depression of the melting point on being mixed 
with a sample of the hydrazone. The substance was intensely 
radioactive (as measured by a Lauritzen electroscope) and con- 
tained about 3 per cent of the added activity. The hydrazone 
was recrystallized from 50 per cent ethanol, washed, dried in 
vacuo, the melting point measured (222°, no depression with the 
control sample), and the activity determined. The activity of 
the recrystallized material compared with the original precipitate 
corresponded closely to that calculated on the basis of the rate of 
decay of the radioactive carbon (21 minutes) and the time taken 
for recrystallization, indicating the identity of the radioactivity 
with a-ketoglutaric acid. 

The data are unequivocal in demonstrating the participation 
of carbon dioxide in the synthesis of a-ketoglutaric acid from 
pyruvic acid in the pigeon liver. Since pigeon liver can synthe- 
size a-ketoglutaric acid from oxaloacetic acid plus pyruvic acid,‘ 
the data suggest, as the simplest hypothesis, that carbon dioxide 
combines directly with pyruvic acid to yield oxaloacetic acid, the 
latter then combining with an additional molecule of pyruvate to 
form a-ketoglutarate by the reactions previously described. 

Department of Biochemistry E. A. Evans, Jr. 

University of Chicago 
Chicago 

Department of Physics Louis Slotin 

University of Chicago 
Chicago 

Received for publication, September 17, 1940 
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DELPHININE 


m. THE ACTION OF HYDROCHLORIC, NITRIC, AND NITROUS 
ACIDS ON DELPHININE AND ITS DERIVATIVES 

By WALTER A. JACOBS and LYMAN C. CRAIG 

{From ihc Lahoralories of The Rockefeller Institute for Medical Researchj 

Neve York) 

(Received for publication, June 29, 1940) 

In further attempts to find suitable means for the controlled 
degradation of the aconitine molecule complications have been 
encountered paralleling in part some of the experience of previous 
workers and which have made difficult more rapid progress. It 
was hoped by certain methods which will be described in another 
connection to remove the hydroxyl groups and to reach a more 
suitable starting point for further degradation* But because of 
the complexity of the reaction mixture obtained as a rule, it 
became desirable to select a simpler alkaloid of the group. At- 
tention was therefore turned to delphinine because of its fewer 
hydroxyl groups. This work has established the formula C33H45- 
OjN and has made conclusive its relationship to the aconitine 
group of alkaloids (1). As in the case of the long knoi^m reaction 
with aconitine, delphinine when heated in methyl alcoholic solu- 
tion readily suffers replacement of its acetoxyl group by methoxyl, 
^Nith the production of methijlbenzoyJdelphonine, (Delphonine 
is the alkamine.) 

Systematic attempts have been made to remove the free OH 
group of delphinine or certain of its derivatives or to replace it by 
halogen for subsequent removal. But in such experiments com- 
plications continued to crop up which required indi\ddual study 
at each step. Thus a curious contrast has appeared in the be- 
havior of delphinine itself and its oxidation product a-oxodelphi- 
uine. The latter, unlike the alkaloid, was unaffected on heating 
under comparable conditions (or even at 130-140°) with methyl 
alcohol alone. However, if, as pre\dously reported (1), the spl- 
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vent contained HCl (3 per cent), replacement of the acetoxyl 
group by methoxyl occurred, with formation of methylbenzoyl- 
a-oxodelphonine, C32H43O9N. At the time, the production was 
also recorded of an amorphous basic fraction which has since 
been found to be a mixture. On treatment with nitrous acid a 
neutral nitroso derivative has been obtained from it, analysis of 
which approached a formula C32H42O10N2. It is possibly a deriva- 
tive of a secondary amine isomeric with methylbenzoyl-a-oxodel- 
phonine and formed from the latter by the isomerizing action of 
methyl alcoholic HCl. 

The above methylbenzoyl-a-oxodelphonine has now also been 
obtained in good yield by oxidation of methylbenzoyldelphonine 
with permanganate in acetone solution. The simultaneous pro- 
duction of an isomeric / 3 -oxo derivative such as occurs in the 
oxidation of the alkaloid itself, however, could not be detected. 

During these reactions with delphinine or its a-oxo derivative 
there was thus no indication of cleavage of the OH group to form 
unsaturated derivatives. The action of HCl was then studied 
under more rigorous conditions. Although the alkaloid itself 
was apparently little affected under such conditions, when a-oxo- 
delphinine was treated at 25 ° with methyl alcohol saturated mth 
HCl at 0° a succession of reactions occurred. After about 24 
hours a chloro derivative was isolated in good yield, analysis of 
which indicated a formula C32H40O9NCI in w^hich one methoxyl 
group has been replaced by Cl. If the reaction was allowed to 
proceed longer (a week), further change occurred. From the 
resulting mixture a substance was obtained analysis of which 
approximated a formula C32H39O8NCI2 in which the hydroxyl 
group appears to have been replaced by a 2nd Cl atom. 

In the case of the above monochloro derivative preliminary at- 
tempts were made to replace the chlorine by hydrogen. On 
hydrogenation with platinum oxide catalyst, however, only the 
benzoyl group was reduced with production of a hexahydrobenzoyl 
derivative, C32H4CO9NCI. 

When the chloro derivative was heated with methyl alcohol 
at 100°, the Cl atom was removed but a complicated mixture of 
neutral and basic substances resulted, the interpretation of which 
has proved very difficult and is only in a preliminary stage. 
Several possibly isomeric neutral substances were isolated of doubt- 
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ful homogeneit}^, analysis of which suggested a formula 
OgN resulting from cleavage of HCl from the chloro compound. 
From the basic fraction a cr^^stalline basic substance was ob- 
tained, also apparently a mixture, analysis of which approxi- 
mated the same formula CssHs^OgN. The formation of a neutral 
niiroso derivative from the latter indicated it to be a secondary 
amine. However, the methoxjd determinations of all of these 
substances have not given results in accord with the required 
values for either two or three OCH3 groups. Although therefore 
the homogeneity is doubtful, it is nevertheless important to 
place on record our observ’'ations awaiting their final interpreta- 
tion. This experience demonstrates that many competing reac- 
tions can participate under such simple conditions, a fact which 
has contributed much to the complexity of the problem. An 
attempt was made to simplify the problem by making use of 
methylbenzoyl-a-oxodelphonine in order to avoid the complica- 
tion of partial replacement of the acetoxyl group by methoxyl 
during these reactions. But the reaction between this substance 
and saturated methyl alcoholic HCl was found to present in itself 
a complicated picture. 

As in the case of a-oxodelphinine, when /9-oxodeIphinine was 
heated vdth. methyl alcoholic HCl (4 per cent) replacement of the 
acetoxyl group by methoxyl occurred with the production of 
methylbenzoyl-^-oxodelphonine isomeric with the previously men- 
tioned a derivative. However, here the analogy ended, since 
unlike the a isomer it was largely recovered unchanged after 
exposure to the action at room temperature of methyl alcohol 
saturated with HCl. Similarly, methylbenzoyl-^-oxodelphonine 
was largely unaffected by this reagent. The greater apparent 
resistance in the P derivative of the methoxyl group which is 
more labile in a-oxodelphinine was again brought out in the con- 
trast in the behavior of each of these isomers towards nitric acid. 
The ^ derivative appeared to suffer little change when its solution 
in HNO 3 (1.42) was allowed to stand at 25° for several days. In 
the case of a-oxodelphinine, however, demethylation of one 
methoxyl group occurred with the production of the substance 
CziHuOioN, But substitution of the methoxyl group by a nitro 
group, as might have been expected from the results with strong 
HCl, did not occur. 
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The action of these reagents on pyro-a-oxodelphinine was simi- 
larly studied. Here a curious behavior was noted. When dis- 
solved in aqueous HCl (1.19), it was gradually changed to a 
chloro derivative with replacement of one methoxyl group; viz., 
C30H36O7NCI. If methyl alcohol saturated at 0° with HCl was 
employed, two methoxyl groups were replaced by 2 chlorine atoms, 
since analysis of the resulting crystalline dichloro derivative agreed 
with the formula, C29H33O6NCI2. When the reaction was con- 
tinued for a week, a mixture resulted but only 50 per cent of 
crystalline material could be recovered, analysis of which still 
approximated the figures of the above dichloro derivative. When 
the latter was heated with methyl alcohol, Cl was again replaced 
by methoxjd groups. The resulting substance proved to be iso- 
meric wth pyro-a-oxodelphinine and apparently identical \vith 
the substance previously obtained from it by heating with 4 per 
cent methyl alcoholic HCl (1). In the attempt to replace halogen 
by hydrogen the dichloro derivative on hydrogenation yielded a 
hexahydro derivative, in which only the benzoyl 

group was reduced. 

Finally, a preliminary study of the action of nitric acid on pyro- 
a-oxodelphinine has been made. In this case the concentrated 
acid caused rapid removal of one methoxyl group with the produc- 
tion of a monodesmethyl derivative, . If allowed to act 

longer or at a higher temperature, however, the reaction became 
more involved. When the substance C30H37O8N was treated with 
HCl (1.19), it was transformed into a monochloro derivative, CsaHsr 
O^NCl, apparently isomeric with the substance obtained directly 
under the same conditions from pyro-a-oxodelphinine itself. 

A study of the action of hot dilute nitrous acid upon delphinine 
has proved of interest. From the reaction mixture about 10 per 
cent of a sparingly soluble neutral nitroso derivative was obtained, 
analysis of which agreed with the formula C33H44O10N2. Although 
this substance still retained four methoxyl groups in addition to 
the original acetyl and benzoyl groups, the N (CH3) determination 
gave but a small fraction of the amount exhibited by the original 
alkaloid. The question whether this is a nitroso derivative of a 
secondary amine produced by isomerization of delphinine during 
the reaction is now the subject of further study. Its production is 
in all likelihood in part analogous to that of the nitroso compound 
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obtained under similar conditions from aconitine and for which 
Lawson (2) derived an incorrect formula C31H40O12N5. The latter 
will be discussed in another connection. 

The major portion of the reaction mixture proved to be of basic 
character and a cr3’’stalline base was obtained from it. Analysis 
of the latter agreed udth the formulation C33H45O10N; Lc., of a 
hydroxydclphininc. The methoxyl and NCCHa) determinations 
were consistent with this interpretation. The new hydroxyl 
group appeared to be of secondarj' character and attached to a 
carbon atom vicinal to the N atom, since on oxidation in acetone 
solution with permanganate under conditions paralleling the 
production of the oxodelphinines from delphinine, the new base 
also yielded a neutral oxodelphinine. The hydrox>d group must 
therefore be the point of oxidation to CO. The new oxidation 
product which is provisionally called y-oxodelphtnine was super- 
ficialty indisting:uishable from )3-oxodelphiniae except in rotation. 
That of the former in acetic acid was [a]? = +40° as against 
(«]? = +31° of the latter. However, when it was heated with 
methyl alcoholic HCI, a pentamethoxyl derivative was obtained, 
melhyTbenzoyl-y-cxodelphonine ([a]^ = +5° in methanol), 
which showed a still greater difference in rotation from that of the 
methylbenzoyl-)8-oxodelphonine recorded above = +27° 

in methanol). Its further studj^ has been deferred for the present. 

In a previous paper (1) the suggestion was offered that the 
pyrolytic production of pjTodelphinine from delphinine with 
loss of acetic acid is probably accompanied by the formation of an 
o.xidic bridge, a conclusion drawn by Schulze and Liebner (3) in 
the case of p3T*aconitine and p3’Taconine on the basis of acetylation 
studies. This has more recently been supported by the published 
acyl determinations of Tamura (4) on the so called diacetyl- 
pyromesaconitine and triacetylpyroxonine. However, such an 
interpretation was discarded by Sharp (5) on the basis of his study 
of pseudoaconitine. Along with other confirmatory obser\^ations 
he found that the full^" acylated alkamine which contains no 
free OH group, viz. tetraacetylpseudoaconine, still loses acetic 
acid on pyrol^’^sis 'uith production of triace ty’lpyi'opseudoaconine. 
Because of the failure to hydrogenate, Sharp concluded that a new 
carbon to carbon link was produced by the reaction. 

We have already similarly reported (1) that pyrooxodelphinine 
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yields a hexahydropyrooxodelphinine in which only the benzoyl 
group is hydrogenated. The failure to hydrogenate, however, 
does not eliminate the possibility of the presence of a resistant 
double bond formed in the reaction. 

With the hope of obtaining direct evidence of the non-partieipa- 
tion of a free OH group in the formation of pyrodelphinine acyla- 
tion of the latter with acetic anhydride was studied. Although 
such a reaction appeared to occur no crystalline product could be 
isolated. In the case of pyro-ct-oxodelphinine acylation was use- 
less, since a-oxodelphinine itself did not react directly with 
acetyl chloride. It was also recovered unchanged on attempted 
benzoylation in pyridine. The benzoyl derivative was obtained, 
however, indirectly. Delphinine when benzoylated in pyridine 
solution yielded benzoyldelphinine which on oxidation with KMnO^ 
was converted into benzoyloxodelphinine. Both of these benzoyl 
derivatives although containing no free OH groups continued to 
lose acetic acid on heating. Unfortunately, the resulting com- 
pounds could not be obtained in crystalline form. For the pres- 
ent, the general nature of the pyrolytic transformation of these 
alkaloids and their derivatives in terms of previous proposals 
must be regarded as uncertain. 

EXPEEIMENTAIi 

Methylbenzoyldelphonine — 5 gm. of delphinine in 75 cc. of methyl 
alcohol were heated at 100° for 20 hours. Cleavage of acetic 
acid was apparent. After partial concentration and careful dilu- 
tion with water and dilute NaoCOa a colorless resinous precipitate 
formed which rapidly crystallized. The collected material 
weighed 4.3 gm. 

After recrystallization from dilute methyl alcohol it formed 
small, short, often pointed prisms which melted at 173-175°. 

Wo = +27° (c = 1.72 in 95% alcohol) 

CjzH^OsN. Calculated. C 67.21, H 7.94, OCHj 27.16 
Found. “ 67.56, “ 7.91, “ 26.82 

Delphinine and Methyl Alcoholic Hydrochloric Acid— 0.12 gm. 
of delphinine in 2 cc. of absolute methyl alcohol containing 3.3 
per cent of HCl was heated at 100° for 18 hours. After concen- 
tration copious crystallization of the hydrochloride which melted 
at 213-214° occurred from methyl alcohol and ether. 
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C,iH 4 s 09 i;-HCl. Calculated. C 62.28, H 7.29, OCH, 19.52 

Found. 61.70, “ 7.22, 19.20 

Similarly, 0.23 gm. of the alkaloid was dissolved in 4 cc. of 
methyl alcohol saturated at 0° TOth HCl and allowed to stand at 
room temperature for 45 hours. The alkaloid was recovered from 
this solution in excellent yield and possessed the properties of 
delphinine 

CjjHisOjN. Calculated. C 66.07, H 7.57 
Found. “ 66.09, “ 7.75 

MeihyTbenzoyl-a-Oxodelphonine — A solution of 4.3 gm. of 
methylbenzoyldelphonine in 450 cc. of dry acetone containing 
4.5 cc. of acetic acid was treated with 0.45 gm. of potassium per- 
manganate. Oxidation gradually occurred in the mixture which 
was held at about 25° and by next morning the reagent was used 
up. After concentration and dilution copious crystallization oc- 
curred, and on further dilution of the mother liquor with final 
concentration, additional fractions were obtained. The total 
yield was 3.9 gm. No appreciable differences in melting points 
or rotations were noted in the different fractions. The substance 
formed lustrous platelets from dilute methyl alcohol which on 
rapid heating melted at 221-223° and then resolidified and melted 
again at 236-237°. 

Wd “ —41.5® (c — 1.03 in methyl alcohol) 

CnH^OgN. Calculated. C 65.60, H 7.40, OCHi 26.47 
Found. ** 65.70, “ 7.33, » 26.33 

This oxidation product proved to be identical in properties with 
the substance obtained previously (1) by the action of methyl 
alcoholic hydrochloric acid on a-oxodelphinine and showed no 
melting point depression when mLxed with it. A recent deter- 
xxunation of the rotation of the earlier substance has been found to 
be [a]^ = —35.5° (c = 0.99 in methyl alcohol). The low meth- 
oxyl values reported with this material indicated some contamina- 
tion. 

a-Oxodelphinine and HCl — The action of hot 3 per cent absolute 
methyl alcoholic HCl as previousl 3 ^ (1) described gave in addition 
to the neutral methylbenzoyl-a-oxodelphonine an amorphous 
basic fraction. This material which was of doubtful homo- 
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geneity has since been found to give in very small yield the follow- 
ing nitroso derivative. 

A solution of 60 mg. of the amorphous base in 8 cc. of water 
containing 0.5 cc. of acetic acid was treated at room temperature 
with 0.2 cc. of 30 per cent sodium nitrite solution. A flocculent 
precipitate gradually formed and on standing overnight this was 
found to be partly crystalline. After collection and drying it was 
dissolved in chloroform and concentrated and then treated with 
ether. On further concentration to obtain a proper balance of the 
two solvents, it gradually crystallized as minute four cornered 
tablets which melted slowly with decomposition at 228-230° after 
preliminary softening. 

It gave the typical nitrosamine reaction with phenol and H2SO4. 

CjsH^oOioNs. Calculated. C 62.50, H 6.89, N 4.56 

Found, (a) “ 62.67, “ 6.75 

“ (5) “ 62.05, “ 6 . 88 , N 4.65 

The ineffectiveness of methyl alcohol without HCl was shown 
as follows: 0.25 gm. of a-oxodelphinine was heated with 10 cc. of 
absolute methyl alcohol at 130-140° for 17 hours. On concen- 
tration to 4 cc., copious crystallization of starting material oc- 
curred. 


C 33 H 43 O 10 N. Calculated. C 64.56, N 7.07 
Found. “ 64.54, " 6.89 

The Substance CziTLioOgNCl — 2 gm. of a-oxodelphiuine were 
placed in a sealed tube with 35 cc. of methyl alcoholic HCl which 
had been saturated at 0°. After agitation at room temperature 
for almost 30 minutes the suspension gradually dissolved and the 
solution was allowed to stand at about 25° for 21 hours. The 
clear solution was carefully concentrated in vacuo to dryness and 
the residue was dissolved in chloroform. The latter was shaken 
with a little NajCOa solution to remove HCl and then repeatedly 
extracted with 2 per cent H2SO4 to dissolve any basic material 
w'hich proved to be negligible in amount. The remaining neutral 
chloroform solution was washed and dried. On concentration to 
about 5 cc. and treatment with ether, a copious globular crystal- 
line powder separated which was collected with ether. The yield 
w'as 1.44 gm. This Avas reciystallized by solution in a good 
volume of hot acetone and concentration to 25 cc. On standing, 
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delicate needles gradually separated which after preliminao' 
sintering melted at 242-243° with effen’escence. 

[alo = —60° (c =^= 1.17 in chloroform) 

For analysis the substance was dried at 120° and under low 
pressure. 

Ca^H.oOsKCl. Calculated. C 62.16, H 6.53, Cl 5.74, OCH, 15.06 
Found, (a) ‘‘ 62.85, ” 6.6S, ** 4.99, ** 14.85 

(5) '' 62.54, " 6.83, " 15.26 

14.330 mg. of substance were refluxed in 3 cc. of 0.1 N NaOH and 
3 cc. of alcohol for 3 hours and titrated back against phenol- 
phthalem. Found, 0,716 cc.; calculated for 3 equivalents, 0.696 
cc. 

The purification of this substance was complicated somewhat 
by the fact that when the reagent was allowed to act longer in- 
creasing amounts of a dichloro derivative were produced, a.s 
shoum below. At the same time, on recrystallization from chloro- 
form mixtures, retention of solvent occasionally occurred, so 
that the Cl determinations proved to be misleading. 

For instance material contained in the mother liquor obtained 
in the above recrystallization was recovered by addition of ether 
to the concentrated chloroform solution. 

On analysis of the substance C 61.41, H 6.44, Cl 8.60 were found. 

However, when this was dissolved in acetone and concentrated, 
two successive fractions were obtained to the extent of at least 
60 per cent. The first showed [a]^ = —55® and the second 
W? - -57®. 

Found, (a) C 62,55, H 6.35, Cl 5.70; (5) Cl 6.07 

Hydrogenation of CsiHAtOoNCl — 0.1 gm. of the chloro derivative 
was hydrogenated in acetic acid solution with 50 mg. of the plati- 
num oxide catalyst of Adams and Shriner under a pressure of 3 
atmospheres. The reaction was complete in 35 minutes after 
absorption of 3 to 4 moles of in excess of the catalyst require- 
ments. The hexahydro derivative formed needles from methyl 
alcohol which melted at 229® with slow efferx’^escence, and gave a 
strong halogen test, 

C«H«OpNa. Calculated. C 61.55, H 7.43 
Found. 62.03, ** 7.44 
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On saponification the characteristic odor of hexahydrobenzoic 
acid was obtained. 

The Substance Cz^HwO^NCl and Methijl Alcohol — Many repeti- 
tions of the study of the action of methyl alcohol on the mono- 
chloro derivative have shown that a number of competing reac- 
tions occur, with the production of a mixture of substances. The 
following is a representative experience in this regard and the for- 
mulas considered can be only tentative. 

0.35 gm. of the monochloro derivative and 10 cc. of dry methyl 
alcohol were heated at 100° for 18 hours. The light brown solu- 
tion was concentrated to dryness and the residue was dissolved 
in chloroform. After removal of free HCl with dilute NajCOa 
the chloroform was extracted with 2 per cent H2SO4 to remove 
basic material. The latter was recovered by liberation from the 
acid solution with an excess of Na2C03 and reextraction with 
chloroform. This fraction will be treated below. The above 
chloroform solution containing the neutral material was dried and 
concentrated, residual chloroform being finally removed Awth 
methyl alcohol. The resulting solution, in a volume of about 2 
cc., set to a crop of colorless needles. This fraction amounted to 
75 mg. and on rapid heating melted Avith decomposition at 285- 
290°. The substance contained no Cl. On recrystallization from 
chloroform-ether the melting point was unchanged and the libera- 
tion of acetic acid during the melting could be detected. 

C32H39O9N. Calculated. C 66.06, H 6.77, OCH3 16.01 
Found. “ 65.55, “ 6.59, “ 15.04 

After recrystallization from methyl alcohol it melted with de- 
composition at 282-284°. 

[“Id = —120° (c = 1.14 in chloroform) 

Found. C 66.24, H 6.80, OCH3 14.76 

In other experiments the following figures were obtained. 

Found, (a) C 66.34, H 7.12, OCH, 15.82 

“ (5) “ 65.93, “ 6.71 

“ (c) “ 66.20, “ 6.82, OCH3 14.40 

From the original mother liquor of the above neutral substance 
successive fractions were obtained which appeared to consist of at 
least two substances the homogeneity of which was doubtful. 
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By fractionation from methyl alcohol an intermediate, less soluble 
fraction \\-as finally obtained as needles which melted at 238- 
240°. 

Found. C 65.22, H 6.87, OCH, 16.68 

In another experiment a corresponding fraction melted at 225- 
235°. 

Found. C 65.32, H 7.12 

The most soluble fraction after recrj^staUization from chloro- 
form-ether melted at 210-211°. 

[alS = —49® (c = 0.99 in chloroform) 

Found. C 65.56, H 6.92 

In a different experiment a corresponding fraction, which melted 
with decomposition at 205-209° after preliminary sintering, was 
iSnally obtained from ether. 

This fraction definitely suggests the presence and therefore re- 
generation of oxodelphinine itself; the analytical figures are given 
below. 

C„H 4 |OxoN. Calculated. C 64.56, H 7.07, OCH, 20.22 
Found. '' 65.03, “ 7.13, '' 19.36 

The above high melting neutral substance (m.p. 285-290°) 
was hydrogenated in acetic acid solution with platinum oxide 
catalyst under 3 atmospheres pressure. The hydrogenation 
product ciystallized from chloroform-ether in needles which 
melted slowly at 275-278° after preliminar 3 ^ softening. 

C 3 :H 4 s 09 X. Calculated, C 65.38, H 7.72 
Found. " 66.07, '' 7.71 
“ 65.88, '' 7.86 

The chloroform solution containing the basic fraction on con- 
centration to a small volume and careful addition of ether crystal- 
lized on rubbing. The yield was 25 mg. In another experiment 
0.6 gm. of chloro compound gave 37 mg. of this base. It melted 
at 218-220° after preliminary sintering. 

C«H,sOsK. Calculated. C 66.06, H 6.77, OCH, 16.01 

CnHnOjN. 65.57, 6.57, '' 10.94 

Found, (a) 66.03, '' 7.09, 14.40 

(5) '' 65,86, “ 6.93, 12.62, 12.27 
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A small sample of this base readily gave a crystalline nitroso 
derivative which after recrystallization from dilute acetone 
melted at 236-238° after preliminary sintering. 

^ C32H380ioN«. Calculated. C 62.92, H 6.28, OCHs 15.25 

CsiHseOioNj. “ “ 62.38, " 6.08, “ 10.41 

Found. “ 62.16, " 6.58, " 11.81 

In general, the varying analytical figures make fairly certain 
the doubtful homogeneity of the above substances. Their pre- 
cise interpretation must await a later opportunity. 

The Substance C32Hz90sNCk (?) — The effect of longer action of 
HCl was shown as follows : 

1 gm. of a-oxodelphinine was sealed in a tube with 20 cc. of 
methyl alcohol saturated at 0° with HCl. The solution was al- 
lowed to stand at room temperature for 7 days and was then 
worked up as in the preceding case. The basic fraction was neg- 
ligible. After concentration of the chloroform solution of the 
neutral fraction to 5 cc. and careful treatment with ether, crystal- 
lization could be started, and a paste gradually formed. The 
product was collected with a 1:1 chloroform-ether mixture and 
amounted to 0.21 gm. Succeeding fractions up to a total of 0.4 
gm. were obtained by manipulation of the mother liquor. 

The first fraction was recrystallized by concentration of its 
acetone solution and formed needles which melted gradually with 
effervescence at 225-227° after preliminary sintering. 

CssHjoOsNCU. Calculated. C 60.36, H 6.18, Cl 11.15, OCH3 14.63 

CsoHaTOrNCh. “ “ 60.58, “ 6.28, “ 11.93, “ 15.66 

Found. “ 61.00, " 6.69, “ 10.88, “ 14.92 

In an experiment in which the reaction was allowed to stand 
for 11 days a similar result was obtained. 

Found. C 60.90, H 6.03, Cl 10.58, OCH3 15.26 

P-Oxodelphinine and Methyl Alcoholic HCl. Methylbenzoyl-p- 
Ozodelphonine—A solution of 0.9 gm. of the j3 derivative in 18 cc. 
of 4 per cent methyl alcoholic HCl was heated at 100° for 16 hours. 
The clear solution after concentration was separated as in other 
cases into basic and neutral fractions. The basic fraction which 
was relatively small could not be crystallized,’ a small fraction 
which crystallized from ether was found to be neutral and iden- 
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tical the accompanying neutral substance. It was probably 
carried along by virtue of its solubility in the solvents used. 

The neutral fraction crystallized under ether as delicate needles. 
This substance proved to be quite soluble and was most readily 
recrystallized by solution in chloroform and then concentration 
and finally by addition of ether and concentration to remove all 
chloroform. It melted not sharply at 182-185®. 

[ct]* = -f27® (c = 0.555 in methyl alcohol) 

CjjH^iOgX. Calculated. C 65.60, H 7.40 
Found. ‘‘ 65.64, 7.55 

In another e.vperiment 0.1 gm. of i?-o.\odelphinine was allowed to 
stand for 16.5 hours in a tube udth 2 cc. of methyl alcohol saturated 
at 0® with HCL The clear solution yielded several fractions 
amounting to 50 mg. which were halogen-free and possessed all 
properties of unchanged starting material. 

C»HuOioX. Calculated. C 64.56, H 7.07, OCH, 20.22 
Found. “ 64.28, ” 7.15, “ 19.60 

In like manner the above pentamethoxyl compound was re- 
covered unchanged after similar treatment \sdth saturated methyl 
alcoholic HCL The recovered substance melted at 180-183®. 

C«H<,09N. Calculated. C 65.60, H 7.40 
Found. “ 65.37, ** 7.20 

Pyro-a-Oxodelphinine and Hydrochloric Add — P^moxodelphi- 
nine was treated at room temperature with 10 parts of HCl (1.19). 
When worked around with a rod it did not dissolve but gradually 
became more voluminous. After standing about 18 hours, the 
mixture was diluted vdth water. The substance collected proved 
to be very sparingly soluble in the usual solvents. It formed mi- 
nute needles and four sided platelets which showed a decom- 
position point of 318-320° after preliminat}^ darkening. 

CjoH^OtNCL Calculated. C 64.54, H 6.61, Cl 6.36, OCH, 16.69 
Found. 64.43, ** 6.54, 6.10, ** 16.56 

0.51 gm. of pyro-a-oxodelphinine in a tube with 10 cc. of 
methyl alcohol saturated at 0® with HCl w^as allowed to stand at 
20-25° for 21 hours. The clear solution after removal of the 
reagent was separated as in the previous cases into neutral and 
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basic fractions, with ample amounts of chloroform as solvent. 
The basic fraction was again negligible in amount. When the 
neutral chloroform solution was concentrated to 3 cc. and allowed 
to stand, a first fraction separated consisting of globular aggre- 
gates of crystals; 0.27 gm. was collected. Additional material 
was obtained from the mother liquor. The first fraction was 
dissolved in 50 cc. of boiling chloroform; on concentration to about 
5 cc. and addition of several volumes of ether prompt separation 
of aggregates of wedge-shaped crystals took place. 

This substance began to discolor above 240°, became progres- 
sively darker, and finally sintered to a dark mass above 260-265° 
with no definite melting point. 

C29H53O6NCI2. Calculated. C 61.90, H 5.92, Cl 12.61, OCHj 11.04 
Found. “ 62.22, “ 6.18, “ 12.41, “ 11.45 

In an experiment in which 0.2 gm. of pyro-a-oxodelphinine was 
allowed to react with the reagent as above but for 7 days at room 
temperature, again almost all the material remained in the 
neutral fraction. But in this case only 10 mg. of substance were 
directly obtained from the chloroform solution. However, careful 
treatment with ether yielded successive crystalline fractions which 
when once obtained appeared to be sparingly soluble in chloro- 
form. The combined fractions (0.1 gm.) w’^ere reciystallized from 
chloroform and ether (1:1) and formed minute wedge-shaped or 
triangular crystals which decomposed at 250-253° after pre- 
liminary darkening. 

Found. C 61.16, H 6.07, Cl 12.90 

40 mg. of the first dichloro derivative were heated in 10 cc. of 
methyl alcohol for 23 hours. The concentrated mixture was dis- 
solved in chloroform and shaken with dilute Na 2 C 03 . The residue 
from the chloroform solution crystallized readily from methyl 
alcohol as glistening compact aggregates of prisms which melted 
at 278-280° after preliminary softening. This substance con- 
tained no Cl and appeared to be identical with the substance (1) 
previously obtained by heating pyro-a-oxodelphinine with methyl 
alcoholic HCI. 


CjiHjsOsN. Calculated. C 67.23, H 7.10, OCH3 22.40 
Found, (a) “ 67.47, “ 6.87, “ 22.00 

“ (5) " 67.42, " 6.77 
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Hydrogenation of the Substance — 50 mg, of the 

dichloro derivative were hydrogenated with 20 mg. of platinum 
oxide catalyst in acetic acid solution. Although most absorption 
occurred during the 1st hour, hydrogenation was allowed to con- 
tinue for 18 hours. The apparent absorption was from 4 to 5 
moles. After removal of the solvent, the residue was dissolved in 
chloroform and shaken with dilute NajCOa solution. The product 
cr}^stallized from ether as small glistening prisms which melted 
with effen^escence at 216-218°. It still gave a strong halogen 
test. 

CaH^OeNCh. Calculated. C 61.24, H 6.92 
Found. 61.55, 7.20 

<x-Oxodelphinine and Nitric Acid — a-Oxodelphinine was dis- 
solved in 10 parts of HNO3 (1.42) at 20-25°. After 18 houm, dilu- 
tion of the clear solution caused copious cr^’^stallization of a prac- 
tically colorless product. It was recrj^staUized by solution in 
chloroform and concentration after addition of alcohol. It w’as 
necessary to remove all the chloroform; otherwise the anal}i;ical 
results were affected by tenaciously held solvent. The substance 
formed both narrow and broad microneedles which melted with 
decomposition at 271-273°. 

C«H<iOxoN. Calculated. C 64.07, H 6.89, N 2.34, OGHj 15.53 

Found. “ 63.98, 6.79, “ 2.51, '' 15.80 

“ 63.92, “ 6.71 

Pyro-a-Oxodelpkinine and Nitric Acid — ^Pyro-a-oxodelphinine 
was dissolved in 10 parts of HNO 3 (1.42). The clear solution after 
15 minutes at 20° gave on dilution a crystalline product. This 
was recrystallized by solution in chloroform and addition of al- 
cohol with subsequent concentration to remove the chlorofonn. 
It formed characteristic compact triangular or trapezoidal prisms 
which gave a micro melting point of 309-310°. 

CaaHjTOsN. Calculated. C 66.75, H 6.91, N 2.60, OCH, 17.26 
Found. “ 66.45, 6.87, 2.77 

" " 66.36, 7.01 

“ 66.24, '' 7.16, OCH, 17.59 

When p3T*o-a-oxodelphinine was somewhat more 'vngorously 
treated mth nitric acid, a more extensive change occurred which 
involved cleavage of an additional OCII3 group and possibly loss 
of a CHs group. 



318 


Delphinine. Ill 


A solution of 0.1 gm. of substance in 1 cc. of HNO 3 (1«42) was 
kept at 49-51° for 1 hour. During this time nitric oxide fumes ap- 
peared. After chilling and dilution an amorphous precipitate 
crystallized. On recrystallization from a small volume of acetone 
it formed minute, colorless wedge-shaped crystals which sintered 
to a resin above 200° and melted graduall}’- at 235-240°. 

For analysis it was dried in vacuo at 120°. 


C 28 H 3308 N. 

Calculated. C 65.72, 

H 6.51, 

N 2.74, OCH, 12.14 

C 29 H 3608 N. 

It 

" 66.25, 

“ 6.72, 

“ 2.67, “ 11.81 


Found. 

(a) “ 65.93, 

“ 6.25, 

“ 11.32 


(t 

“ 65.79, 

“ 6.25 



(t 

( 6 ) “ 65.63, 

“ 6.67, 

OCHa 11.45 


it 

(c) 


N 3.09 


When the substance CsoHstOsN was treated with HCl (1.19), 
it did not appreciably dissolve but gradually changed its appear- 
ance on standing at 25°. After 18 hours the acid was carefully 
diluted with water. After solution in a large volume of an alcohol- 
chloroform mixture (1:1) and concentration to remove the chloro- 
form the product crystallized as minute triangular or trapezoidal 
crystals which sintered under the microscope above 242° and lost 
transparency above 272° but failed to show a real melting or de- 
composition point on further heating. 

C 30 H 36 O 7 NCI. Calculated. Cl 6.36, 3 (OCH 3 ) 16.69 
Found. ” 6 . 86 , “ 16.05 

Delphinine and HNO 2 — 1.05 gm. of delphinine were dissolved 
in 40 cc. of 25 per cent acetic acid and treated with 20 cc. of 30 
per cent sodium nitrite solution. The mixture was heated on the 
water bath for 2 hours during which time a small amount of spar- 
ingly soluble ciystals separated. After cooling, the latter were 
collected with water. The yield was 0.11 gm. This substance 
which was neutral was recrystallized by solution in acetone and 
concentration to crystallization. It formed minute, short, mostly 
four sided crj^stals which melted with decomposition at 240-241° 
after preliminary softening. 

It gave a gradually developing weak nitroso test with phenol 
and H 2 SO 4 . 

C 33 H 4 ,OioNj. Calculated. C 63.02, H 7.06, N 4.46, OCH3 19.73 
Found. ” 62.85, “ 7.11, “ 4.19, “ 20.07 

“ " 63.24, “ 6.94 
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The (N)CH 3 detennination (0.55) showed but a fraction of a 
mole. Calculated, (N)CH 3 2,39. 

0.0105 gm. of substance was refluxed wth 0.0958 cc. of 1.01 
2 ^” NaOH and an equal volume of alcohol for 2 hours and titrated 
back against phenolphthalein. Found, 0.0388 cc. Calculated 
for 2 equivalents, 0.0334 cc. 

The dilute acetic acid filtrate from the nitroso derivative was 
carefully neutralized and then made definitely alkaline with dilute 
NaOH and extracted with chloroform. The w^ashed and dried 
extract after concentration to a few cc. and addition of a con- 
siderable volume of ether gave an appreciable colorless amorphous 
precipitate which was collected wdth ether. The ether filtrate on 
concentration to small bulk ^fielded minute prisms, which for 
reci 3 "stallization were dissolved in chloroform and the latter driven 
off wdth ether. The base formed small triangular prisms and 
needles. The separation was aided b 3 ’’ cautious addition of pe- 
troleum ether. The yield was 0.3 gm. 

The substance melted wdth slow effer^’^escence at 180-182®; 
occasionally samples were obtained w’hich melted somewhat 
higher; viz,, 193-195® after preliminaiy sintering. 

Wd = +7® (c = 1.1 in absolute alcohol) 

Cj|H450io1'^ 

Calculated. C 64.35, H 7.37, N 2.28, OCHi 20.17, (N)CHa 2.44 
Found, (a) “ 64.50, “ 7.46, ” 2.44, " 20.10, 1.43 

" (6) '' 64.10, " 7.42 

(c) 64.52, 7.41 

y-Oxodelphinine — The above base, C33H45O10N, was oxidized in 
acetone solution containing acetic acid wdth Kj\In 04 by the usual 
procedure. From 0.25 gm. successive fractions of neutral oxida- 
tion product were obtained which amounted to 0.175 gm. It 
ciy'^stallized from ether as four sided platelets or compact prisms 
which melted at 226-229®. Superficially it was indistinguishable 
from /3-oxodelphinine and gave no depression of melting point 
when mixed wdth the latter. 

= +32° {c = 0.63 in 95 % alcohol) 

Wd — +40° (c = 0.94 in acetic acid) 

CjjH^jOioN. Calculated. C 64.56, H 7.07 
Found. » 64.55, ‘‘ 7.01 

0.14 gm. of r-oxodelphinine was heated in 3 cc. of 4.3 per cent 
methyl alcoholic HCl at 100° for 17 hours. The clear solution 
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after concentration to dryness in vacuo was treated with excess 
dilute NazCOa and ether. During the ether extraction a portion 
of the neutral reaction product crystallized. Extraction of the 
ether filtrate with dilute acid yielded but a negligible basic frac- 
tion. From the neutral ether solution more of the above crystal- 
line neutral substance was recovered. 

Recrystallization was effected by dissolving in methyl alcohol, 
then adding water, and boiling off most of the former. The 
product separated from the aqueous solution as square ended 
needles which melted gradually at from 170-177°. On addition 
of petroleum ether to the concentrated ether solution it slowly 
separated as woolly needles which sintered above 140° to a resin 
which melted at 184-188°. When mixed with methylbenzoyl- 
/3-oxodelphonine from |3-oxodelphinine it showed no depression of 
melting point. However, the rotation differed considerably from 
that of the latter. 

[«]d = +6° (c = 0.615 in methyl alcohol) 

For analysis the substance was dried at 110° and low pressure. 

C32H43O9N. Calculated. C 65.60, H 7.40 
Found. “ 65.60, “ 7.42 

BenzoyldeVpliinine — 1 gm. of the alkaloid dissolved in 20 cc. of 
dry pyridine was treated with 2 cc. of benzoyl chloride.- After 
20 hours at 20° the mixture was diluted with water and after 
addition of excess NazCOs, pyridine was removed in vacuo. The 
diluted residue was extracted with chloroform. The latter gave 
a residue which crystallized in dilute methyl alcohol. The product 
Avas recrystallized from 96 per cent alcohol and formed needles 
which melted at 171-173°. 

For analysis it was dried at 120° and low pi’essure. 

CioHioOioN. Calculated. C 68.24, H 7.02 
Found. “ 67.77, “ 7.05 

Benzoyloxodelphinine — 0.12 gm. of benzoyldelphinine was oxi- 
dized in 12 cc. of acetone containing 0.1 cc. of acetic acid with 
80 mg. of KMn 04 . Oxidation occurred only gradually at room 
temperature and after 18 hours an appreciable excess of reagent 
persisted. The filtrate after concentration was treated with water 
and chloroform. The chloroform extract was successively washed 



W. A. Jacobs and L. C. Craig 


321 


with dilute H^SO^ and then dilute NasCOs and dried. The chloro- 
form solution left a resin on evaporation which crj^stallized in 
methyl alcohol. It formed delicate needles w'hich melted gradu- 
ally at 185-187^ 

C 4 oHkOiiN, Calculated. C 66.91, H 6.60 
Found. “ 66.96, “ 6.69 

No attempt was made to determine the production of isomers 
as in the case of the oxidation of delphinine itself. 

SUMMARY 

In an attempt to find a means for the controlled degradation 
of the delphinine molecule a study has been made of the effect of 
hot methyl alcohol, methyl alcoholic HCI, and nitric acid on 
delphinine itself and on or- and /^-oxodelphinine and p^TOoxodei- 
phinine. The reactions have been found to take a different course 
in each case and are affected b}' temperature, strength of reagents, 
and duration of the reaction. 

The reactions have to do essentially wdth replacement of ace- 
toxyl b}’' methoxjd or of one or more methoxjd groups b}" OH 
or Cl. In the last case the action of strong methyl alcoholic HCI 
extends from little or no effect on delphinine to replacement of 
two methyl groups in p\TOOxodeIphinine by 2 Cl atoms. In the 
latter case the halogen could not be replaced hy h3"drogenation. 

.Nitrous acid acts on delphinine to give the nitroso derivative 
of an apparently’ isomeric secondan" base and also a by’^droxy- 
delphinine. The latter on oxidation gave a new’ or y-oxo- 
delphinine. 

A benzoyddelphinine and its oxidation to benzoydoxodelphinine 
have been described. Their behaAUor on pyToly’sis has been 
studied in the investigation of the nature of the py^ro derivatives, 
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In earlier studies on the chemistry" of aconitine and related 
alkaloids a number of observations have accumulated, especially 
in the case of the former, which present certain inconsistencies. 
Although the changes produced by certain reagents do not repre- 
sent extensive degradation of the alkamine portion of the molecule, 
it appears that a number of reactions invohdng different groups 
have occurred more or less simultaneously, so that mixtures of 
reaction products were apt to result. This combined ndth the 
difficulty or uncertainty in the isolation of indi\adual substances 
from the mixture and the tendenc}’' to separate Tvdth solvent has 
contributed to some confusion. We have previously (1) discussed 
the case of oxonitine and suggested a re'vnsion of the formulas 
proposed for it. A return to a further discussion of this formula- 
tion and that of its companion oxidation product, oxoaconitine, 
first described by us will be made in a subsequent paper. 

In a parallel study of the behaYuor of aconitine and delphinine 
and derivatives towards certain reagents we have had occasion to 
reconsider and repeat some of the earlier obser\’’ations on record 
in regard to the former. Thus, the so called nitrosodicarboxjdic 
acid, C22Tl260uN2, first obtained by Brady from aconitine with 
hot HNO3 (2), has recentl3^ been shown by Suginome (3) to be a 
product also from oxonitine and mesaconitine. The latter author, 
however, described it as a nitronitrosomonocarboxjdic acidy 
CsiHssOiaNa, which he called nitronitrosoaconitinic acid, and which 
retained both benzo^d and acetyl groups intact but onty three 
methoxyl groups and no N-alk^d group. This substance jdelded 
on saponification a so called nitronitrosoaconinic acid, C22H270ijN3. 
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Somewhat before this, Lawson ( 4 ) had reported results of a 
similar studj'’ of the oxidation of both aconitine and oxonitine 
with HNO3. However, from each he believed that he had ob- 
tained different products. From the former a crystalline acid, 
C31H36O13N3, was described containing three methoxyl groups and 
no N-alkyl which after saponification gave an acid, C22H2gOiiN3. 
From oxonitine the product was described as an acid with a for- 
mula, C31H35OUN3. Finally, with chromic acid Lawson obtained 
a base, aconitoline, C30H37O9N, which retained the N-alkyl group 
but only three methoxyl groups and which on saponification was 
supposed to lose only the benzoyl group to give a base which was 
isolated as the HCl salt; m., C23H33O8N.HCl.3H2O. WithHNOj 
aconitoline was reported in turn to give an acid, C29H33O13N3, also 
containing only three methoxyl groups but with no N-alkyl group. 

Im repeating the above work under the conditions employed 
respectively by Suginome and by Lawson, we have become 
convinced that both aconitine and oxonitine, as stated by the 
former, indeed yield the same nitronitroso derivative but that the 
formula is C31H35O13N3 and not that given by him. This formula 
was adopted by Lawson in the special case of his product from 
aconitine. The analytical results published by Suginome on the 
anhydrous material actually agree better with this formula than 
with that of C31H33O13N3 adopted by him. Therefore its saponi- 
fication product should be C22H29O11N3. In addition we have 
found that aconitoline, contrary to Lawson, also yields the same 
nitronitroso compound, CgiRgsO^Ng. This at once forces a 
changed interpretation of the formula of aconitoline itself, for 
which we now propose C33H41O10N. This conforms with the older 
results of Schulze (6) who had oxidized the aUcamine aconine to a 
base, C24H36O8N. The base obtained by us on saponification of 
aconitoline was found to be identical with that obtained according 
to .Schulze from aconine. As described by him, it 3delded a 
methiodide, C24H36O8N.CH3I. Strangely enough, we have found 
that aconitoline itself does not react readily with methyl iodide, 
at least under the gentle conditions which so easily gave the above 
quaternary salt from its saponification product. 

By following also the essential procedure used by Schulze for 
the oxidation of aconine to the above base in aqueous solution, wc 
have obtained aconitoline from aconitine, although in poorer yield 
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than by Lawson^s method in acetone solution. Retention of two 
free OH groups in aconitoline is indicated by the fact that its 
saponification product, CsiH^OsN, gives a tetraacetyl derivative 
according to Schulze, although the active H determinations 
reported by Lawson on aconitoline indicated only one OH group. 
This is a point which will have to be rechecked when opportunity 
is presented. 

Further, it has been found that oxoaconitine vdth HNO3 also 
yields, although apparently somewhat less readily than oxonitine, 
the above nitronitroso derivative, C31H35O13N3. In the case of 
both oxonitine and oxoaconitine it has been possible by more 
gentle treatment with HNO3 to intercept the reaction at an inter- 
mediate stage in which only a nitro group has been introduced vdth 
simultaneous loss of a methoxjd group . Analj'sis of the substance 
from oxonitine suggests either a formula C32H36O13N2 or possibly 
CssHsbOuNs. The last, however, vrould not conform to a for- 
mula C33H32O13N for oxonitine itself. An analogous substance, 
C33H38O13N2, was similarl}^ obtained from oxoaconitine which 
superficially at least appeared indistinguishable in character from 
the substance from oxonitine. Both of these substances with hot 
HNO3 were converted by nitrosation and simultaneous degrada- 
tion into the above nitronitroso derivative C31H35O13N3. 

Finally, a substance was.also described by Lawson as a nitroso 
compound, CsiH^oOisNs, resulting from the action of nitrous acid 
on aconitine itself and which was briefly stated to 3*ield vnth 
nitric acid the above nitronitroso acid. However, no anah'ses of 
the latter were given. The production of such a nitroso deriva- 
tive has been confirmed hy us as well as its very read}' conversion 
b^’’ HNO3 to the substance C31H35O13N3. But its analj^sis appears 
to accord best with a formula C34H44O13N2. Although it does not 
exhibit an N-alkyl group, it still retains all four methox}*! groups. 
Its production, therefore, resembles that of the nitroso derivative 
C33H44O10N2 from delphinine ( 6 ) which, however, did not undergo 
the apparent additional oxidation of a CHo group to CO which 
obviously occurs in the production of the aconitine derivative. 

^ The exact interpretation of interrelationships of the above oxida- 
tion products is still difficult and must await the accumulation 
of additional data. It is apparent, however, that the nitronitroso 
derivative, CaiHssOiaNa, represents a stage be^^ond all of the above 
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oxidation products and derivatives, since it is obtamed from all 
of them by the more or less vigorous action of HNO3. It must be 
a nitroso derivative of a secondary amine. ^ We have found rather 
vigorous action of HCl necessary to remove the NO group as 
reported by Lawson for the production of the base, CsiHseO^Nz. 
The latter was very readily reconverted into the nitroso derivative 
with HNO2. Apparently a complicated series of steps is involved 
in the conversion of aconitine into this substance which is inter- 
cepted at different stages and in different order in the case of each 
of the intermediate substances. 

For instance, the production of aconitoline, CasH^iOioN, which 
differs from aconitine by CHeO appears to result from the oxida- 
tion of a secondary OH group to CO. This must be followed by 
either separate loss as H2O of an OH group p to it along with a 
CH2 group, or all as methyl alcohol due to the labilizing effect of 
the CO group. 

Triacetylaconitine in which all OH groups have been protected 
does not react with chromic acid under similar conditions. Del- 
phinine which does not contain two of the hydroxyl groups present 
in aconitine is similarly not affected by this reagent. That the 
benzoyl and acetyl groups must occur in the general proximity 
of the N atom is suggested by the fact that aconitoline shows 
little tendency if any to quaternary salt formation, unlike its 
saponification product. The unsaturated character of aconitoline 
was indicated not only by its ready oxidation wdth KMn04 but 
by hydrogenation, although the hydrogenation product could not 
be crystallized. The latter yielded on saponification an amor- 
phous substance different from the base, C24H35O8N, given by 
aconitoline itself. 

The first action of HNO3 on oxonitine or oxoaconitine appears 
to proceed with oxidative removal of H2 and introduction of an 
NO2 group. This occurs by substitution without loss of carbon 
except that contained in the methoxyl group which is either 
removed as methyl alcohol or demethylated independently of 
the loss of H2O. Thus oxoaconitine C34H46O12N with loss of GHcO 
(perhaps at this stage paralleling the formation of aconitoline 

* Suginome also adopted the view that his nitronitroso compound was 
a nitrosamine since it lost the NO group on acetylation. However, the 
analytical data on his acetyl derivative are not convincing. 
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from aconitine) and nitration would give CssHssOisN-. The pro- 
duction of CaiHsiOwNs from this in turn is the result of an obvious^' 
complicated oxidative cleavage of a cyclic amide group with 
simultaneous nitrosation of a liberated secondarj* basic group. At 
the same time degradation occurs with, loss of C2H3O. • This 
nitronitroso derivative, contraty" to the statements of pre\dous 
workers, does not possess a free carboxjd group. Although it veiy' 
slowl}" dissolves on standing in dilute aqueous alkali, it is not dis- 
solved by NairCOs solution and it cannot be extracted from the 
chloroform solution with the latter. It is either a lactone or a 
==CH-N02 derivative which dissolves in alkali as a salt of the 
aci- form. 

Further work is now in progress which it is hoped will help to 
establish the exact interrelationship of these substances as well 
as the exact nature of the groups involved in their transformations. 

Hemy and Sharp ( 7 ) in their study of pseudoaconitine have 
described the production of several oxidation products w^hich are 
doubtless analogous to those obtained from aconitine. With 
chromic acid a weakly basic substance was obtained to which the 
formula C^H^sOnN was ascribed and w’hich while retaining the 
so called N-alkyl group contained one less methoxjd group. Since 
pseudoaconitine has veratric acid in place of benzoic acid and 
contains one less OH group than aconitine, the formula of this 
substance if exactlj^ analagous to aconitoline should be C35H43O11N. 

With nitric acid two oxidation products w^ere obtained. One 
of these to which the formula C33H40O16N4 w'as ascribed, if analo- 
gous to the nitronitroso compound from aconitine, C31H35O13N3, 
should instead have the formula, C33H3aOi6N4, since it would not 
only contain one OH group less than the aconitine derivative but 
nitroveratric acid in place of benzoic acid. If such conclusions 
are correct, consistent changes w’ould have to be made also in the 
formulas of the h3"drolytic and other products described by Hemy- 
and Sharp. 


EXPERIXtENTAn 

Aconitine and Nitric Acid— 0.75 gm. of aconitine w'as oxidized 
in 5 cc. of HNO3 ( 1 . 42 ) according to Brady (2) b}” heating on the 
steam bath for 1 hour. The precipitate formed on dilution w’as 
ciy’stallized by solution in chlorofonn follow^ed by addition of 
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alcohol and concentration in order to remove the chloroform. 
The melting point depended upon the conditions of crystallization. 
When the substance separated from the hot alcoholic solution, it 
formed small faintly yellow four sided prisms which colored above 
240°, became dark, and melted at 278° with decomposition. When 
the separation occurred more slowly from the cool solvent, minute 
wedge-shaped crystals formed, which gradually softened to a resin 
at 185-200° and then crystallized again and melted at 277-279°. 
For analysis it was dried in vacuo at 120°. 

CaiHssOuNs. Calculated. C 56.60, H 5.37, N 6.39, OCH, 14.16 
Found. “ 56.39, " 5.38, “ 6.49, " 14.16 

The procedure described by Lawson (4) was repeated in which 
1.1 gm. of aconitine were heated for 2 hours at 100° in 10 parts of 
HNO3 (1.2). After dilution the collected precipitate was crystal- 
lized first from acetone and then as above. The product was 
indistinguishable in properties from the above substance. 

Found. C 56.40, H 5.11 

The substances as obtained directly from aconitine gave the 
impression of being more homogeneous than those obtained from 
oxonitine or oxoaconitine as given below. 

Oxonitine and HNOz — 0.1 gm. of oxonitine was dissolved in 1 cc. 
of HNO3 (1.42) at 25° and kept at this temperature for 1 hour. 
Liberation of nitric oxide fumes indicated an obvious reaction. 
On dilution, an amorphous precipitate formed which was collected 
with water. After solution of the dried material in acetone and 
concentration a trace of unchanged oxonitine separated. The 
filtrate on careful dilution gave needles which melted with decom- 
position at 288-289° after preliminary darkening and sintering. 
On occasion, however, depending upon conditions, it gradually 
softened to a paste at 175-195°, resolidified, and decomposed at 
280-282°. The substance gave no Liebermann nitroso reaction. 

l“lp = -i-14° (c = 0.57 in ethyl acetate) 

CsjHjsOnNs. Calculated. C 59.08, H 5.71, N 4.18, OCH 3 13.88 
CsjHjcOijNj. “ “ 58.51, “ 5.53, “ 4.26, “ 14.18 

Found, (a) “ 58.66, " 5.69 

“ (b) “ 58.43, “ 5.39, N 4.12, OCH 3 14.22 

When the reaction was allowed to proceed at this temperature 
for 17 hours, some contamination with the nitroso derivative given 
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below was apparent, since the substance gave an appreciable 
though weak Lieberraann test. 

Found. C 58.28, H 5.51, N 4.64 

0.23 gm. of oxonitine was heated in 3 cc. of HNO^ (1.42) at 
100° for 1.5 hours. The amorphous material obtained on dilution 
was recrj^stallized first from dilute acetone {yie\d 70 mg.) and then 
from methyl alcohol by boiling dowm the solution in chloroform 
with the latter solvent. It formed small faintly yellowdsh 
pyramidal prisms or wedges which softened gradually from 175- 
205° and then resolidified and melted with decomposition at 272- 
274° after preiiminar}'- darkening. The melting point depended 
greatly upon the rate of heating as well as upon the solvents used 
for recrj'stallization. 

[a]^ = —31® (c — 0.92 in ethyl acetate) 

This rotation was taken wdth the substance that had been dried 
in the desiccator but recalculated on the anh\'di*ous basis. 

For anal 3 "sis it was dried in vacuo at 120°. 

CiiHasOiaNj. Calculated. C 56.60, H 5.37, N 6.39, OCHa 14.16 
Found, (a) 56.64, “ 5.69, “ 6.16, “ 14.05 

“ (5) '' 56.72, " 5.50 

" (c) 56.56, " 5.54 

The substance gave a strong Liebermann test. It is not an 
acid, since it does not dissolve in dilute NasCOa. It does not 
immediately dissolve in dilute NaOH solution but onlj^ slowh" on 
standing o\\mg to an ob^ious chemical change. It was also not 
removed from chloroform solution b^" extraction wdth NaaCOs 
solution. 

This nitronitroso derivative was also obtained hy substituting 
the above nitro compound, C 33 H 38 O 13 N 2 , in the reaction with 
HNO 3 at 80° for 1 hour. It behaved in the same wa}" in the melt- 
ing point apparatus and showed identical properties. 

Found. C 56.92, H 5.58, N 5.81 

Oxoacon7ti7ie and HNOz — A solution of 0.1 gm. of oxoaconitine 
iu 1 cc. of HNO3 at 25° remained practical!}" colorless after 1 hour. 
After dilution and collection of the colorless precipitate it was 
dried and reciystallized from dilute acetone. It formed small, 



330 


Aconite Alkaloids. Ill 


stout, colorless prisms which melted gradually to a resin at 180- 
190°. In contrast to the substance from oxonitine, however, it 
showed no tendency to resolidify and melt again at a higher tem- 
perature. Repeated efforts to obtain a substance with such a 
behavior even by seeding with the oxonitine derivative were not 
successful. It also appeared to be more stable towards nitric 
acid than the latter, since, when this reagent was allowed to act 
on oxoaconitine for 48 hours at 25°, a substance with the same 
properties was readily obtained which still gave a practically 
negative Liebermann test. 

For analysis both samples were dried in vacuo at 120°. 

CaaHssOijNj. Calculated. C 59.08, H 5.71, N 4.18, OCHj 13.88 
Found, (o) “ 58.82, “ 5.49, “ 4.19, “ 14.10 

“ (5) “ 58.86, “ 5.52 

[“Id = -+-11.5° (c = 1.13 in ethyl acetate) 

The experience with HNO3 under more severe conditions was 
as follows: 0.25 gm. of oxoaconitine was heated in 2.5' cc. of HNOj 
(1.42) at 100° for 2 hours. The development of nitric oxide fumes 
was only gradual and not nearly as marked as in the case of oxoni- 
tine. The substance obtained from dilute acetone by seeding 
with material from oxonitine softened to a resin at 180-195°, and 
then partly resolidified and decomposed at 265-267° after pre- 
liminaiy darkening. It appeared indistinguishable from the 
oxonitine derivative. 

(“Id = —31° (c = 0.9 in ethyl acetate) 

This rotation was taken with substance dried in the desiccator 
but was recalculated on the anhydrous basis. 

For analysis the substance was dried in vacuo at 120°. 

C31H35O15N3. Calculated. C 56.60, H 5.37, N 6.39 
Found, (a) “ 56.88, “ 5.57, “ 6.07 
“ (6) “ 57.05, “ 5.30 

The Substance CsiH^fiOi^Nz and HCl — 0.1 gm. of the nitroniti’oso 
derivative (from oxonitine) was suspended in 2 cc. of absolute 
alcohol and saturated with HCl with chilling at 0°. The sub- 
stance finally dissolved as the HCl approached the saturation 
point. The clear solution was allowed to stand at 25° in a sealed 
tube for 18 hours and was then concentrated in vacuo. After 
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treatment with an excess of NasCOs solution the base was ex- 
tracted with cWorofomi. The residue from the latter cr3*stallized 
from alcohol as microneedles or prisms which melted vrith decom- 
position at 252-253"^ after softening above 245®. Lawson reported 
a melting point of 207® for this base which mthout analysis was 
called an amino acid. It proved to be a secondarj' base since it 
gave at once the nitroso derivative on treatment with acid 
and NaNOs. 

For anabasis the substance was dried in vacno at 120®. 

CsiHjeOisX;. Calculated. C 59.21, H 5.77, N 4.46 
Found. " 59.40, 6.10, 4.57 

When the nitronitroso derivative was heated in 20 parts of 4 
per cent absolute meth}’! alcoholic HCl at 100® for 18 hours, it was 
recovered almost entirely unchanged. 

Found. C 56.56, H 5.57 

Aconilznc and Nitrous Acid (4) — 0.6 gm. of aconitine dissolved 
in 20 cc. of 25 per cent acetic acid was treated mth 10 cc. of 30 
per cent NaN02 solution. After 1^ hours on the water bath and 
cooling, the ciy^stalline deposit was collected with water. The 
\deld was 0.1 gm. When recrj^stallized by addition of ether to 
the concentrated chloroform solution, the anab^tical results showed 
tenacious retention of small amounts of solvent. It was accord- 
ingl}^ recr3’stallized from acetic acid as described hy Lawson and 
melted wdth decomposition at 281®. The Liebermann nitroso test 
was not marked and the substance showed no appreciable N-altvl 
group. 


CjiHuOijX;. Calculated. G 59.27, H 6.44, OCHj 18.03 
Found. 59.04, “ 6.54, “ 18.68 

" " 59.18, 6.67, 18.22 

50 mg. of this nitroso derivative were dissolved in 0.5 cc. of 
HNO3 (1.42). After 4 hours at 25® the clear solution was diluted. 
The collected precipitate was recr^^stallized from dilute acetone. 
The 5aeld was 41 mg. It gradualh* softened to a melt over the 
range 175-197°. 

CaiHjsOisNj. Calculated. C 56.60, H 5.37, N 6.39, OCHj 14.16 
Found. “ 56.50. 5.44, 6.18, 14.13 
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AconitoUne — ^This was prepared essentially as described by 
Lawson (4) by the oxidation of aconitine in acetone solution with 
CrOs. 2 gm. yielded 0.86 gm. which melted at 221-222° after 
slight preliminary sintering. 

CasH^iOioN. Calculated. C 64.78, H 6.76 

Found. " 64.42, " 6.89 

“ " 64.93, " 6.46 

“ " 64.63, “ 6.66 

The analytical results reported by Lawson were in close agreement 
with the above formula. 

2.5 mg. were refluxed for 2 hours in a mixture of 0.15 cc. of 
0.1 N NaOH and 0.15 cc. of alcohol and titrated back with 0.1 N 
HCl against phenolphthalein. Found, 0.0875 cc. Calculated for 
2 equivalents, 0.0818. 

9.2 mg. were refluxed for 2 hours in 0.095 cc. of N NaOH and 
0.1 cc. of alcohol and titrated back with N HCl. The color change 
was gradual but the first fading out of indicator occurred at a 
point corresponding to a consumption of 0.0414 cc. of NaOH. 
Calculated for 3 equivalents, 0.0453. Further cautious addition 
of HCl was followed by successive gradual reappearance of indi- 
cator color until the consumption of NaOH was reduced to 
0.0354 cc. Calculated for 2 equivalents, 0.0302. 

The following procedure based essentially upon that employed 
by Schulze (5) for aconine was less advantageously used. 

1.1 gm. of aconitine were dissolved in a mixture of 8 cc. of 10 
per cent H2SO4 and 42 cc. of H2O. To this 0.5 gm. of CrOs was 
added which caused a precipitate of the chromate. On heating 
on the water bath the latter gradually dissolved as oxidation very 
slowly occurred. Although the reagent appeared to be used up 
after several hours, heating was continued for 4.5 hours in all. 
The cooled acid solution was first extracted with ether and then 
after being rendered alkaline with Na2C03, was repeatedly ex- 
tracted with chloroform. The washed and dried extract on con- 
centration and removal of the residual chloroform with alcohol 
yielded 0.22 gm. of crystalline base. After recrystaUization it 
melted at 221-222° and proved to be identical with the substance 
obtained by the above procedure. 


Found, C 64.49, H 6.61 
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When aconitoline was heated mth methyl iodide at 100° for 
several hours, no evidence of a reaction was obtained and the 
base was recovered unchanged. 

0.1 gm. of aconitoline was oxidized according to Lawson in 

1 cc. of HNO3 (1.2) at 100°. After 1.5 hours the diluted mixture 
yielded an amorphous solid which was recrj^stallized from dilute 
acetone. It separated as ^^ellovdsh microciy’-stals which gradually 
softened from 175-195°, again crystallized, and then decomposed 
at 272-273° after preliminar}^ softening and darkening. 

[aln = ~28° (c = 0.98 in ethyl acetate) 

Recalculated on the anhydrous basis, 

CsiHasOisNj. Calculated. C 56.60, H 5.37 
Found. “ 56.41, “ 5.40 

The Base — 0.22 gm. of aconitoline was dissolved in 

2 cc. of absolute alcohol and treated essentially according to the 
procedure of Lawson with 1 .5 cc. of n sodium ethylate. A reaction 
quickly occurred vnih crystallization of a sodium derivative, the 
nature of which was not determined. After dilution vdth water 
and acidification vdth HsSO^, benzoic acid, etc., were removed by 
extraction with chloroform. It was then made alkaline with 
NaoCOs and repeatedly extracted with chloroform (best in an 
extractor) to remove the base. This was finall}^ obtained from 
alcohol-ether as the HCl salt which when desiccator-dried slowh^ 
softened above 214° and finally melted with slow effer\^escence 
at 219-220°. 

For analysis it was dried in vacuo at 120°. 

CjiHjsOaN-Ha. Calculated. C 57.40, H 7.23, OCH, 18.55, Cl 7.07 
Found. “ 56.95, “ 7.34, " 18.31, “ 6.78 

“ “ 57.24, 7.03 

This showed no depression of melting point when mixed with 
the HCl salt prepared by oxidation of aconine according to 
Schulze (5). 

The base liberated from the salt readily reacted when heated 
with methyl iodide at 100°. It formed fine needles, m.p. 222-225°, 
from methyl alcohol and ether. 

CjsH,iO*KI. Calculated. C 49.40, H 6.31, OCH, 15.33, (N)CH, 4,95 
Found. ** 49.57, ” 6.27, 16.29, “ 4.48 
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SUMMARY 

A study of the oxidation of aconitine and a number of its deriva- 
tives with nitric acid and chromic acid has shown that a compli- 
cated series of steps is involved which may be intercepted at 
different stages or in different orders. The product of vigorous 
action of HNO3 on aconitine, oxonitine, oxoaconitine, aconitoline, 
etc., is a neutral N-nitrosonitro derivative containing only three 
methoxyl groups with the formula C31H35OJ3N3 which represents 
a stage beyond all of the others. On acid hydrolysis this yields 
the corresponding secondary base C31H36O12N2. Gentler action 
of HNO3 on oxonitine and oxoaconitine gives intermediate nitro 
derivatives with loss of one methoxyl group, respectively 
C32H36O13N2 (or possibly C33H38O13N2) and C33H380i3N2. 

The formula of Lawson’s aconitoline, obtained from aconitine 
with chromic acid, has been revised to C33H41O10N and apparently 
results from oxidation of a secondary OH group to CO with simul- 
taneous loss of methyl alcohol. On saponification it yields the 
tertiary base, C24H3BO8N, obtained by Schulze from aconine which 
in turn readily gives a methiodide, in contrast to aconitoline 
itself. 

The production and interpretation of other substances from 
aconitine and related substances are discussed. 
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AN IMPROVED METHOD FOR THE RESOLUTION OF 
SYNTHETIC ALANINE 
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In the course of investigations now being carried out in this 
Laboratory, it was necessary to obtain pure 6?(— )- and Z(+)- 
alanine in relatively large quantities. There are two procedures 
described in the literature for the resolution of synthetic alanine, 
both of which were tried out and found unsatisfactory. The 
present paper deals wdth a simple, rapid method for a complete 
resolution that gives considerably higher jdelds than have hitherto 
been recorded. Also included are data on the stability of the 
active alanine to racemization and on the effect of concentration 
on the specific rotation of the benzoylalanine. 

The racemic alanine was prepared according to the excellent 
method of Kendall and McKenzie (1). As to the resolution, the 
method of Holmes and Adams (2) involving the use of Z-menthoxy- 
acetyl chloride was first employed. These authors recommended 
either 60 per cent ethyl alcohol or a 3:1 mixture of high boiling 
petroleum ether and ethyl acetate as the solvent. We employed 
these two solvents as well as pure ethyl acetate and 95 per cent 
ethyl alcohol and in no case could we get a complete resolution 
of the Z-menthoxyacetyl-dZ-alanine. Using this method, we ob- 
tained the best results with 60 per cent ethyl alcohol as the solvent 
but, even so, after three consecutive recrystallizations from 22, 
10, and 5 per cent solutions the specific rotation in acetone only 
dropped from —76® to —59.7® and the melting point changed 
from 117-118° to 143-145°. Three further recrystallizations from 
5, 3, and 1.5 per cent solutions lowered the specific rotation to 
—59.2® and changed the melting point to 144-147°. The authors 
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give —50.6° and 147-148° as the constants for Z-menthoxyacetyl* 
d(— )-alanine. Also in the above six recrystallizations the yield 
dropped from 66.4 to 2 gm. Consequently the method was con- 
sidered impractical and the second procedure as described by 
Fischer (3) involving the use of the alkaloids brucine and strych- 
nine was tried. Fischer benzoylated the dZ-alanine and first 
applied brucine for the isolation of the benzoyl-d(— )-alanineand 
then, by the conversion of the benzoylalanine regenerated from 
the mother liquor into the strychnine salt, obtained the benzoyl 
derivative of the Z(-l-) -alanine. Following Fischer’s instructions 
implicitly, w^e could not accomplish a resolution. In most cases 
the concentrations he specified proved to be too high and all of 
the brucine salt was thrown out of solution, no fractional crystal- 
lization taking place. Using less concentrated solutions we were 
able to separate the active forms but only at the expense of con- 
siderably reduced yields. 

However, when strychnine was applied first to the benzoyl 
derivative of dl-alanine, practically complete resolution took place 
after only one crystallization. The final product represented the 
natural alanine. Attempts to prepare a crystalline strychnine salt 
of benzoyl-d(— )-alanme yielded only sirups. On this depends our 
method for a complete separation with a minimum number of 
recrystallizations and high yields. Otherwise the details are essen- 
tially those given by Fischer, Fischer’s specific rotations of 
—9.68° and -j-9.55° for the active alanines in hydrochloric acid 
as compared to our values of —10.30° and -f 10.33° under similar 
conditions indicate that the separation of the two forms was more 
perfect in the method now given. 

The isolation of the active alanines from the active benzoyl 
derivatives involves hydrolysis by boiling 20 per cent hydrochloric 
acid. In the removal of the hydrogen chloride from the alanine 
hydrochloride the procedure has again been improved. Fischer 
used lead monoxide, precipitating the lead remaining in the fil- 
trate as the sulfide. Not only is this method cumbersome but 
in the two instances that we applied it the specific rotations of 
the alanines w''ere lower than in the case of the alanines obtained 
from the same alanine hydrochlorides by the method we shall 
give below. Although racemization was not definitely proved to 
have taken place, there is reason to suspect that it did. Bene- 
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diet (4) has suggested the use of aniline for the removal of the 
hydrochloric acid. Application of this method is satisfactory 
except for consistently low yields. We have established experi- 
mental conditions favorable to larger yields. If followed closely 
they give alanine from the hydrochloride in yields of 90 per cent 
or better and without racemization. 

The suspicion that the prolonged boiling of the benzoyl deriva- 
tive in 20 per cent hydrochloric acid required for complete hydroly- 
sis might affect the optical actmty of the molecule was proved 
erroneous. T\Tien active alanine was subjected to the above con- 
ditions for 24 hours, it retained its original acti\dty. However, 
the heating of the alanine hydrochloride solution with lead mon- 
oxide and subsequent treatment with hydrogen sulfide may cause 
partial racemization. In one case the specific rotation of a sample 
of d(~)-alanine dropped from —10.30°, when prepared from its 
hydrochloride by the anfiine method, to —8.55° when set free 
from the same hydrochloride by the lead oxide method. The 
purity of the latter product was proved by electrometric deter- 
mination of the equivalent weight. In order to prove that par- 
tial racemization had taken place, an attempt was made to ben- 
zoylate this alanine (—8.55°) and resolve the product by means 
of strychnine. This led to a benzoylalanine that had a rotation 
of 0° instead of the expected approximate —30°, Another sample 
of the same alanine was benzoylated and its derivative showed a 
specific rotation of —10.5°. The purity of this derivative was 
checked by electrometric titration and the equivalent weight was 
found within 0.2 per cent of the theoretical. Since the specific 
rotation of the pure d(— )-aIanine is —10.30° and that of its ben- 
zoyl derivative is —37.0°, it is seen that an alanine (—8.55°) con- 
sisting of 8.5 per cent of the Z(+) and 91.5 per cent of the d(— ) 
form has given rise to a benzoyl derivative (0°) that is completely 
racemized in one case, and to a benzoyl derivative (—10.5°) that 
represents a mixture of 35.9 per cent of the Z(+) and 64.1 per cent 
of the d(— ) form in the other case. Two more experiments were 
set up for the determination of the effect of time on the racemiza- 
tion during benzoylation. After i hour in the benzoylating 
medium an alanine sample that had been obtained from a benzoyl- 
alanine with a specific rotation of —37.13° 3 delded a benzoyl- 
alanine with —33.9°. In a second experiment, a sample of the 
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same alanine after 5 hours under similar conditions gave rise to a 
benzoyl derivative with a specific rotation of only —30.3°. The 
purity of both samples of benzoylalanine was tested by titration 
with 0.1 N potassium hydroxide solution in the presence of phenol- 
phthalein and found to be correct to within 0.5 per cent. Thus 
again we have evidence of racemization during benzoylation. A 
thorough study of the conditions of the above effect was not made 
and no explanation of the varying loss of optical activity is forth- 
coming. However, the actual isolation of a positively rotating 
benzoyl derivative from the second experiment through the strych- 


Table I 

Effect of Concenlralion of Active Benzoylalanine on Specific Rotation* 


Hi, 

9 

l/log [aln 

A' (0.6486 - 
l/log (ajj,) 

i/q 

1 

< 


degrees 

-34.8 

0.2703 

0.6486 


3.700 

0.000 


-1-35.2 

0.3020 

0.6466 

0.0020 

3.311 

0.389 

0.194 

-35.4 

0.3165 

0.6456 

0.0030 

3.160 

0.540 

0.180 

+35.7 

0.3502 

0.6440 

0.0046 

2.855 

0.845 

0.184 

+36.0 ' 

0.3888 

0.6426 

0.0060 

2.572 

1.128 

0.188 

-36.6 1 

0.5165 

0.6396 


1.936 

1.764 

0.196 

+37.1 ! 

0.6681 

0.6371 


1.497 

2.203 

0.191 

Average 

0,189 


* The rotation of a quantity (g) of benzoylalanine is calculated from the 
equation, n = (3.700 — l/g')/0.095, where 7 i represents the change of rotation 
in 0 1° units over the value of [aln = 34.8°. 


nine salt definitely proves that racemization did take place. It 
has long been known (5-9) that the acetyl derivatives of the amino 
acids racemize in varying degrees during their formation. How- 
ever, we believe that this is the first observation of racemization 
during benzoylation of an active amino acid. 

Finally we have observed that the specific rotation of the active 
benzoylalanine is a function of the concentration, the plot of 
1/log [a] against l/g being apparently linear. These relations 
may be seen from Table I. 

In all instances samples {g) of pure d(— )- or Z(+)-benzoyl- 
alanine w'ere dissolved in the equivalent quantities of 1 n potas- 
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sium hydroxide solutions diluted to 10 cc. and the rotations in a 
1 dm. tube \vere ob 5 er\’ed. The maximum values of about rfcST.O® 
were obtained for 6 to 7 per cent solutions. Fischer^s values of 
were recorded for 10 per cent solutions, again indicating 
a better separation with our method. Concentration apparently 
has no significant effect on the specific rotation of alanine itself. 

EXPERGIEKTAU 

Preparation of dl- Alanine — ^The method of Kendall and McKen- 
zie (1) with acetaldehyde, sodium cyanide, and ammonium chlo- 
ride was employed with good results. However, wc applied 
aniline (4) for the liberation of the alanine from the hydrochloride. 
This considerably shortens the time of preparation and gives 
better fields than those obtained by the lead oxide method. 

Preparation of Benzoyl-dUAlanine — ^Benzoylation with benzoyl 
chloride in the presence of excess sodium bicarbonate was carried 
out exactly as described by Fischer (3). The yield depends on 
the thorough mixing of the benzoyl chloride and the aqueous 
solution of the alanine. Vigorous mechamcal stirring for a period 
of 2 hours was found to be effective. For large scale preparation 
it is ad\TsabIe to use a continuous extracting apparatus for the 
removal of the main quantity of the benzoic acid. 

Preparation of BenzoyUl{+)-Alanine — ^To a hot solution of 
268 gm. of benzoyl-dZ-alanine in 6 liters of water there were added 
464 gm. of strychnine. The clear solution was allowed to stand 
at 0® for 1 day. During this time 342 gm. of the strychnine salt 
of the benzoyl-Z(+)-alanine crystallized in the form of well 
developed plates. The mother liquor was saved for the prepara- 
tion of the d(~)-alanine. The salt was recrystallized from 4 
liters of hot water; ^ield, 278 gm. (75.9 per cent). From the 
filtrate, on concentration, an additional quantity of 32.7 gm. 
(8.7 per cent) of pure strj^chnine salt was obtained. 

For the isolation of the benzoyW(+)-alanine, 246 gm. of the 
strychnine salt were dissolved in 2 liters of boiling water and the 
solution was treated with 388 cc. (1 mole) of 1.256 n potassium 
hydroxide solution, udth vigorous stirring. The strychnine was 
then removed by filtration and 345 cc. of 1.396 x hydrochloric acid 
^ere added to the ice-cold filtrate. The solution was concentrated 
vacuo to 250 cc. and then cooled to 0®. Pure benzoyl-K4-)- 
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alanine separated out in gable-shaped crystals; yield, 77.2 gm. 
(86.6 per cent). The crystals melted at 148° and had [«]“ = 
-f 37.12° (0.6681 gm. of substance dissolved in 10 cc. of equivalent 
potassium hydroxide solution; 1 dm. tube; rotation, 2.48° to the 
right). 

Preparation of Benzoyl-d{—)-Alanine — The mother liquor of 
the crystalline strychnine salt of the benzoyl-Z(-{-)-alanine was 
concentrated in vacuo from 6 liters to 1.7 liters, at which point it 
began to become sirupy. This solution should contain approxi- 
mately 380 gm. of the strychnine salt of the impure benzoyl- 
d(— )-alanine, corresponding to about 140 gm. of impure benzoyl- 
d(— )-alanine. The latter would require 338 gm. of brucine 
tetrahydrate (1:1 mole). Therefore, the strychnine was split off 
by addition of 800 cc. of 1 n potassium hydroxide solution to the 
1.7 liter solution and removed by filtration. The filtrate was 
treated with 800 cc. of 1 N hydrochloric acid, and then 345 gm. 
of brucine tetrahydrate were added to the hot solution, which, 
on cooling at 0°, deposited the crystalline brucine salt of the 
benzoyl-d(— )-alanine; yield, 359 gm. (88.2 per cent). The sub- 
stance is quite pure; recrystallization is unnecessary. 

In order to obtain the free acid the brucine salt (292 gm.) was 
dissolved in 880 cc. of hot water, the brucine split off with 400 cc. 
of 1.25 N potassium hydroxide solution, filtered at 0°, and the 
solution treated with 366 cc. of 1.396 n hydrochloric acid. Crys- 
tals of the benzoyl-d(— )-alanine began to sepai’ate after 10 min- 
utes. These were filtered off, the filtrate was concentrated 
in vacuo to 200 cc., cooled, and the crystalline product separated 
by filtration; total yield, 77.5 gm. (81 per cent) of pure benzoyl- 
(Z(— )-alanine with a melting point of 148° and [o:]d° = —36.9° 
(0.7533 gm. of substance dissolved in 10 cc. of an equivalent 
quantity of potassium hydroxide solution; 1 dm. tube; rotation, 
2.78° to the left). 

Preparation of Z(+)- and d{—)-Alanine — The hydrolysis of the 
respective benzoyl derivative was carried out by heating the sub- 
stance with 5 volumes of 20 per cent hydrochloric acid in an open 
flask that was equipped with a suitable cooler suspended in the 
air space of the flask. On cooling of the solution the benzoic acid 
separated out in a crust which was removed by several extractions 
with ether. The aqueous acid layer was then evaporated in vacuo 
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to a solid. Experiments carried out under various conditions 
showed that the precipitation of alanine from the hydrochloride 
in alcoholic solution by means of aniline was practically quantita- 
tive provided that no free hydrochloric acid or water was present. 
It was, therefore, necessary to dissolve the solid residue repeatedly 
in ethyl alcohol, the solution being evaporated to dryness each 
time. Finally the alanine hydrochloride was (hssolved in 6 times 
its weight of 95 per cent ethyl alcohol, and then about 2 moles 
of freshly distilled aniline were added to the solution. The pre- 
cipitation of the alanine was completed at 0°. The product was 
washed with ethyl alcohol and finally with ether; yield, over 90 
per cent. The I(+)-alanine show^ed [a]^ = +10.33° (0.4329 
gm. of substance dissolved in 10 cc. of 1 K hydrochloric acid; 


Table II 

Rotation of B Gm, of ^Alanine in 50 Cc. of Boiling SO Per Cent HydrO' 
chloric Add; S Dm. Tube 


Time 

"d 

[«]d 

hn. 

deffrees 

dfffrtes 

0 

-f0.90 

+8.55 

1 

+0.90 

+8.55 

3 

+0.90 

+8.55 

7 ! 

+0.8S ; 

+8.35 

24 

+0.90 

+8.55 


1 dm. tube; rotation, 0.63° to the right), and the d(— )-alanine 
had [a]f = —10.30° (0.4413 gm. of substance dissolved in 10 cc. 
of 1 K hydrochloric acid; 2 dm. tube; rotation, 1.28° to the left). 

In order to test the effect of boiling 20 per cent hydrochloric 
acid on the optical activity of alanine, 2 gm. of slightly racemi^ed 
K+)“alamne were refluxed in 50 cc. of the acid. Samples were 
taken out at certain intervals of time and rotations observed in a 

2 tube. The samples were returned to the flask and the 
boiling continued. The results are given in Table II. 

It is obvious that no racemization occxured imder these con- 
ditions. 

SXTMMAKT 

An improved method of resolution of synthetic alanine into 

e active components is given. The 3 rields are much higher than 
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any previously reported and the time and labor of preparation 
are also considerably cut down. 

Racemization studies show that active alanine is perfectly 
stable to boiling 20 per cent hydrochloric acid, whereas benzoyla- 
tion does attack the asymmetric center. 

The specific rotation of the benzoylalanine is a function of the 
concentration. 
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We reported our first cry’‘stalline beef liver catalase to have a 
KaL /. of 42,000 (1). Later, we obtained values of about 28,000 
(2), and still later, values from 30,000 to 35,000 (3). Theorell (4) 
reports, “It is now definitely established that the liver catalase 
from cattle, crj^stallized according to Sumner et aL, gives an 
activity value of Kai, /. ~ 30,000, while the pure catalase from 
horse liver possesses an activity which is twice as large/' Von 
Euler and Josephson (5) reported one value of 42,000 for non- 
crj'stalliiie horse liver catalase in 1927, and Agner (6, 7)^ has 
reported values ranging from 55,000 to 63,000 for his best horse 
liver catalase preparations, which were non-cry^stalline. Dounce 
and Frampton (8) found their first horse liver catalase preparatioi\ 
to have a Kat. f. of 50,000 to 55,000. Later on, crystalline horse 
liver catalase was found to have Kat. /. values from 30,000 to 
40,000. 

In view of these variations in "capability" we have undertaken 
to prepare a number of samples of crystalline beef liver catalase 
hy the method of Sumner and Dounce, using dialysis for crystal- 
lization (3), of crystalline horse liver catalase by an improved 
method, and of non-crystalline horse liver catalase by Agner’s 
method (6). Two of the Agner preparations have been subse- 
quently crystallized, both before and after adsorption on trical- 
cium phosphate in the Tswett column, and we have been inter- 

Ov\,*ing to a misunderstanding of his dry weight determination, we have 
^^Sner an injustice in claiming that his figures showed a Kat. f. of 
28,000 for a joint determination with one of us (3, 6) of 
c al,f. of crystalline beef liver catalase. The latter figure should stand. 
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ested in the observation that the increase in Kat, f. brought 
about bj’’ crystallizing the material previous to adsorption is 
practically the same as that brought about by adsorbing the 
material in the Tswett column. Crystallization of the adsorbed 
material does not bring about a measurable change in Kai. f. 

We have found a wide variation of Kat.J. values of the various 
preparations of horse liver catalase, whereas the crystalline beef 
liver catalase has usually ranged in Kat. f. values from 30,000 to 

35.000. We have been unable to obtain horse liver catalase by 
the Agner method of Kat. f. value higher than 32,000. One 
sample prepared by the Agner method, from frozen liver, gave 
Kat. /. of only 25,600. We have found that for a given sample 
of horse liver, the Kat. f. of the catalase prepared from it is the 
same within the limit of error of the determination, whether the 
catalase is prepared by the Agner method or by our improved 
method. 

Using our improved method, which will be described, we have 
been unable to obtain horse liver catalase of Kat. f. 50,000 to 

55.000, as first reported by Bounce and Frampton (8), although 
several times we have obtained values of about 40,000. 

In order to determine the homogeneity of the various catalase 
preparations, we have run diffusion experiments, using the Lamm 
diffusion cell (9), and have normalized the diffusion curves so 
obtained. We have found that two samples of crystallized horse 
liver catalase prepared by our improved method, of Kat. f. 
nearly 40,000, were completely homogeneous according to the 
diffusion method, and that another sample of horse liver catalase, 
prepared in the same way, with Kat. f. of about 30,000, was also 
homogeneous. A sample of crystalline beef liver catalase of 
Kat. f. 35,000 was found to be nearly homogeneous by diffusion. 
Thus it appears improbable that the variation in Kat. f. is caused 
by gross contamination of the catalase with some other protein. 
Figs. 1 and 2 show the ideal diffusion curve and the points of the 
normalized curves obtained from the line displacement curves for 
one sample of horse catalase and a sample of beef catalase. 

The diffusion constants for horse and beef liver catalase, cor- 
rected to 20°, are given in Table I. Sumner and Gral6n (10) 
reported a diffusion constant at 20° for crystalline beef liver 
catalase of 4.1 X 10“^, and a molecular weight by the ultra- 
centrifuge of 248,000. Agner (6) reported a diffusion constant 



Sumner, Bounce, and Frampton 


345 






"Fig, 2. Nonnalized diftnsion curve for beef catalase. The curve is 
ideal; the points are experimental values. 
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for horse catalase of 4.3 X and an ultracentrifuge molecular 
weight of 225,000. Our new diffusion constants for both horse 
and beef liver catalase are approximately 4.5 X 10“*^. This 
would change the ultracentrifuge molecular weight of beef catalase 
from 248,000 to 225,000.^ The molecular weights, calculated 
from the Stokes-Einstein formula with the new diffusion constants 
alone, are given in Table I. The wide divergence between these 
values and the ultracentrifuge molecular weight is of interest. 


Table I 

Diffusion Constants for Horse and Beef Liver Catalase 



Sample 1. 
Horse catalase, 
Dounco method, i 
twice crystallized, i 
fresh liver 

Sample 2. 
Horse catalase, 
Dounce method, 
four times 1 

crystallized, 1 
fresh liver | 

1 

Sample 10. 

Beef catalase, 
Sumner-D ounce 
method, four 
times crystallized, 
fresh liver 

Time (X 10*), sec 

4.89 i 

- 1 

1 

6.95 

5.04 

1 

6.34 

5.88 

6.79 

(X 10-’)* 

5.23 

5.12 

5.13 

5.18 



Dm- (X 10-’)* 





4.76 

4.76 

D.o- (X 10-’) t 

4.58 

4.48 

4.49 1 

4.53 

4.46 

4.46 

Eadius (X 10'’^)t 

4.65 

4.74 

4.74 

4.73 

4.77 

4.77 

Particle weight f 

348,000 

368,000 



375,000 

375,000 


* Corrected for viscosity of solvent. 

t Calculated on the assumption that D = kT/^wrjrj where k is the Boltz- 
mann constant, T is the absolute temperature, t\ is the viscosity of the 
solvent, and r is the radius of the particle. 

X Calculated assuming spherical particles, by the equation M = 
(4/3)7rr^pAr, where M is the particle weight, r is the radius of the particle, 
p is the density of the protein (calculated from the value of Sumner and 
Gral4n for the partial specific volume of beef catalase), and N is Avogadro^s 
number. 

In addition to determining the KaL /. of all our preparations, 
and the diffusion cuiwes for four of them, we have analyzed twelve 
samples for hemin iron, iron accompanying the blue material 
that is split off with the hemin by means of acetone and HCl (3), 

2 Obtained by the equation M = fcTO 2 oV(^ 2 o(l ~ Pii^)), where M is the 
particle weight, k is the Boltzmann constant, T the absolute temperature, 
iSjo® the sedimentation constant at 20®, ^ 20 ° the diffusion constant at -20®, 
Pi the density of water at 20®, and a the partial specific volume of the 
protein. 
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total iron, and hemin by rough colorimetry. Table II shows 
the results of these analyses except for the hemin, which is not 
included. Hemin determined by colorimetry agrees approxi- 
mately with hemin calculated from hemin iron. 

The total iron of catalase samples from which all of the protein 
ferritin (11) has been removed is about 0.09 per cent. Some of 
our values for total iron of horse catalase are too high, owing to 
incomplete removal of ferritin. Since the latter protein contains 
about 20 per cent of iron, an amount not exceeding 0.5 per cent 
would nearly double the value of 0.09 per cent for iron in catalase. 
Theorell (4) states, “Cow-liver catalase can evidently not be freed 
from iron impurities by crystallization, and its composition is not 
completely clear.” We know of no evidence to support this 
statement, and have not obtained high iron values for carefully 
crystallized beef liver catalase, or indications of the presence of 
ferritin. 

Some of our iron values are too low. We have found that 
this is caused by incomplete solution of the iron following dry 
ashing of the sample. We have obtained no low values using a 
combined wet and dry ashing with sulfuric and nitric acids. 

Agner (7) reports that his best horse catalase samples with 
Kat. f. values of 60,000 to 63,000 when analyzed according to 
our procedure contain 83 per cent of hematin iron, 7 per cent of 
iron remaining in the protein, and 10 per cent of “blue iron,” or 
iron left in the mother liquor. We have not yet made precise col- 
orimetric determinations of the blue substance, but we have noticed 
that there is more blue produced by the action of acetone-HCl 
on catalase of low activity than on catalase of high activity, 
judging by eye. 

From all these facts, we conclude that catalase may exist as 
several different compounds, similar with respect to protein 
in any one species, but different with respect to the number of 
hematin residues and precursors of the blue substance per protein 
molecule, as postulated in Table III.^ Our results can be equally 
well interpreted by assuming the presence of all these catalase 

’ Lemberg suggested this possibility to us in a private communication. 
Wc had been considering it for some time before this. We wrote about it to 
Stern and he has discussed the hypothesis (12) without referring it either to 
Lemberg or to us. 
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types, or simply by assuming the presence of completely active 
Type A and completely inactive Type E in vaiying proportions. 
Type E vrould be analogous to pseudohemoglobin (13, 14). 

Table III 



K^T. r. 0= HORSE CATALASE 

BEEF CATALASE 

Fig. 3. Ratio of “blue iron” to hemin iron, plotted against Kai. f. 
The points are experimental; the curve theoretical. 

We have calculated the ratios of ‘T^lue iron” to hernia iron for 
onr various preparations, and have plotted these values against 
the Kat /. of the sample. This is shown in Fig. 3 in which the 
curve indicates the theoretical curve that one would obtain by 
assuming the Kat f. of pure Catalase A to be 60,000 and that of 
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pure Catalase E to be 0. The points indicate our results. The 
agreement is fair, in view of the fact that our analyses are of a 
semiquantitative nature. If this hypothesis is correct, the 
hematin is the only functional prosthetic group. 

The precursor of the blue substance presumably is a biliverdin- 
iron complex, since Lemberg (15) has recently isolated biliverdin 
from crystalline beef liver catalase. It is assumed to be produced 
through the opening up of a hematin ring with the loss of one 
— CH== group. This might result from enzyme action in the 
liver of the animal before or after death, since a liver enzyme has 
been reported (16) which is capable of converting hematin to 
biliverdin, as well as a copper-activated enzyme of erythrocytes 
(17) Avhich catalyzes the formation of pseudohemoglobin. On the 
other hand, it might occur in the process of preparation of catalase. 
It is of interest to note that frozen liver yielded catalase of the 
lowest “capability” that we have recorded, but, on the other hand, 
one particularly fresh sample yielded catalase of Kat. /. 32,000 
and not 60,000 as might have been expected. A liver from a colt 
gave catalase of about the same activity as that from an older 
animal. 

Our work, as well as the work of Lemberg, shows that ionic 
iron accompanies the blue substance. We do not believe that 
this iron belongs to a group of “iron impurities,” i.e. ferritin, 
as Theorell (4) and Agner (7) evidently think. 

EXPEUIMENTAI. 

Preparation of Crystalline Horse Liver Catalase — At least 3 
kilos of horse liver are ground about ten times in an electric meat 
grinder. 300 gm. portions are extracted with 400 cc. portions of 
40 per cent dioxane. The suspension is transferred to a pail and 
is allowed to stand at room temperature for about 6 hours. It is 
then filtered at room temperature through 34 cm. Schleicher and 
Schiill No. 595 fluted filters, and is next thoroughly chilled in the 
ice box. Since liver contains about 71 per cent of water, the 
extract at this point is about 26 per cent dioxane. 

After the extract has cooled in the ice box for 2 to 3 hours, 23.3 
cc. of dioxane are added for every 100 cc. of extract, with constant 
stirring. This brings the concentration of dioxane, Avhich has 
been diluted by the water in the liver, back to about 40 per cent. 
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The material is next alloT\'ed to stand in the ice chest from 6 to 12 
hours. If it is allowed to warm to room temperature, much of the 
catalase may be lost by denaturation. The precipitate which 
has formed is next filtered off in the ice box, through fluted filters, 
and refiltered imtil the filtrate is practically clear. The precipi- 
tate is discarded. 

Now one adds \sith stirring 11.1 cc. of dioxane for everj" 100 cc, 
of filtrate, and the material is allowed to stand in the ice chest 
for 3 hours, not longer. The concentration of dioxane is now 
about 46 per cent, and a large part of the catalase has been pre- 
cipitated. The precipitate is filtered off through fluted filters 
with refiltering until a clear filtrate is obtained. This filtration 
also must be carried out in the ice box. When the material is 
nearly all filtered, the liquid remaining in the filters is poured 
upon a new filter paper in order to hasten the filtration. 

When the precipitate on the filter papers is well drained from 
mother liquor, the filter papers are taken out one at a time, spread 
out on blotter paper or other porous paper, and the precipitate 
is quickly scraped off ^ith a spatula and is placed in enough water 
to form a thin cream. This operation must be done quickl3\ 
It is worth while to open the filter papers upon a cold surface. 

The thin cream which has been formed is now filtered and re- 
filtered untD a clear filtrate is obtained; this contains catalase 
and impurities, among which are ferritin, arginase, and a little 
hemoglobin. A large amount of glycogen maj’’ be present, gi\ring 
the solution a mudd^’’ appearance. This may be destroyed by 
the addition of a little saliva. 

The solution is now dialyzed in the ice chest for 36 hours against 
several changes of distilled water. The precipitate which forms 
is filtered off, and one adds to every 10 cc. of filtrate 6.0 cc. of 
saturated ammonium sulfate. This precipitates the ferritin. 
After standing for an hour or two in the ice box, the material is 
filtered, and to eveiy 10 cc. of filtrate one adds 6.0 cc. more of 
saturated ammonium suffate. This precipitates the catalase. 
The precipitated catalase is now centrifuged dovm and the su- 
pernatant liquid is discarded. The precipitate is suspended in 
just enough water so that it can be transferred to a small dialysis 
sac. The paste is then dialyzed against many changes of distilled 
water for 36 hours. During this time, salts diffuse out and the 
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catalase dissolves, to give a very dark brown or black solution, 
which later on may deposit a small amount of impurity. After 
the dialysis, any precipitate which has formed is centrifuged off 
and the supernatant solution is adjusted to about pH 6.0 by the 
addition of a very small amount of strong (10 per cent) phosphate 
buffer. It is essential to keep the concentration of catalase high 
by avoiding much dilution. Next, one adds gradually and with 
stirring 2.0 gm. of solid ammonium sulfate to every 10 cc. of 
solution, and finally enough dioxane to make the solution 3 
per cent with respect to dioxane. Now the material is cooled in 
the ice chest, and saturated ammonium sulfate is added, a few 
drops at a time, every half hour until crystallization occurs, which 
may be detected by the sUkiness produced on stirring the solution. 
If any amorphous precipitate forms before the appearance of 
silkiness, it should be centrifuged off, since it is ferritin and will be 
hard to remove later. 

It is best to take about 2 days for the first crystallization, since 
otherwise the needles that form are so tiny as to be practically 
invisible under the high power microscope. In any case, the 
very small needles that form during the first crystallization are 
hard to centrifuge down and may require from 2 to 3 hours, with 
cooling at 20 minute intervals. 

To recrystallize, the supernatant is drawn off from the centri- 
fuged crystals, and just enough water is added to form a paste 
with the crystals that can be transferred to a dialysis sac. The 
material is then dialyzed for 36 hours, and any precipitate that 
remains is centrifuged down and discarded. From now on, the 
procedure is exactly the same as described for the first crystal- 
lization. 

If just the right amount of ammonium sulfate has been added, 
and the solution is allowed to stand overnight, rather large crystals 
can be obtained from the first or second recrystallization. These 
crystals are either extremely thin long needles, or thin long plates. 
Some are shown in Fig. 4, 

It is of interest that the “thryxotropy” or silkiness produced by 
stirring the crystals is a much more sensitive test than microscopic 
observation with direct illumination for deciding whether crystal- 
lization has commenced. 

As far as we know, it is not possible to crystallize horse liver 
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catalase without the addition of enough dioxane to give a 3 per 
cent solution. Less dioxane vnil not work well, while more 
results in denaturation of the catalase. Why this should be so, 
we cannot say. Even several times recrj^stallized horse liver 
catalase seems to require dioxane for recr3'’'stalIization. Horse 
catalase, unlike beef catalase, cannot be Teci^’'stallized by dialysis, 
since it is too soluble to precipitate. 

Preparation of Horse Liver Catalase by Agner's Method — We 
first employed the method exactly as described by Agner (6). 
Later we found that his dilutions before precipitating the catalase 
with ammonium sulfate and with alcohol were excessive, and we 
therefore used only one-half these dilutions. Our yield was 



Fig. 4. Co’stals of horse liver catalase; X 300 

nearly the same as Agner’s. About the same amount of once 
crystallized horse liver catalase is obtained by our method. 

Agner does not state how he filters the original water extract 
of horse liver, or how long this requires. We have generall}^ found 
it necessary’' to filter for nearly 2 days in order to obtain suflicient 
extract. It is possible that during this process, enzyme action 
disrupts some of the catalase hematin with the production of a 
considerable amount of the precursor of the blue substance. 

Horse liver catalase is a difficult enzyme to prepare in pure 
condition, in contrast to beef liver catalase which can be prepared 
by anyone who makes use of the method of diatysis for cry^stalliza- 
tion alread}’’ described by^ us (3). The method of Agner is some- 
what cumbersome and time-consuming, while our method is 
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difficult to describe in precise manner, since slight changes are 
sometimes necessary with individual samples. Neither of these 
methods appears to give yields as good as the yield of crystalline 
beef liver catalase. It might be best for anyone wishing to prepare 
crystalline horse liver catalase to start out by using Agner’s 
method up to the point of adsorption in the Tswett column, and 
then carefully to crystallize the material, using our method. 
This procedure has already been employed by Lemberg (15). 
The difficulty in our procedure is that the material must not be 
allowed to stand more than the specified time after addition of the 
dioxane, and must not be allowed to warm up to room temperature 
or denaturation will result. 

Determination of Total Iron, of Hemin Iron, and of Iron Accom- 
panying the Blue Substance— -'We have run 5.00 cc. of thoroughly 
dialyzed horse liver catalase solution (or suspension, in the case 
of beef liver catalase) into 50 cc. of purified acetone containing 
1.0 cc. of concentrated HCl. The acetone must be pure enough 
so that no color is produced upon addition of HCl to it. From 
this point on, the separation of the hemin by vacuum distillation 
of the acetone, after the protein residue is carefully washed with 
acetone, has already been described (3). Total iron and iron in 
the hemin and blue substance have been determined by the 
method of Stugart (18), in which a combined wet and dry ashing 
with sulfuric and nitric acids is used. 

We have found that all the “blue iron” is ionic, in the ferric 
state. This may be demonstrated by extracting the blue material 
with isoamyl alcohol, which removes it quantitatively from the 
water layer. This procedure was discovered by Dr. Olive Hoff- 
man, working in this laboratory. The iron in the aqueous layer 
is then determined directly, by the method of Stugart (18). 

Determination of Diffusion Constants of Horse and Beef Liver 
Catalase, and of Homogeneity by Diffusion — The measurements of 
the diffusion constants were made by using the refi’active method 
of Lamm (9). A stainless steel diffusion cell similar to the one 
described by him was used for these studies. The values of the 
diffusion constants given in Table I were obtained by following 
the “analytical” method of calculations. 

Determination of the Kat. /. lvalues — The method of von Euler 
and Josephson (5) was employed. K values were determined 
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at 3, 6, 9, and 12 minutes, and Ko was determined b}" extrapolation. 
The catalase must not be diluted until just before the analj'sis is 
made. For anab'sis, thoroughly dialyzed samples were used. 
Since dialysis causes beef catalase to crj'stallize, a suspension is 
made and the required amount of this is pipetted into about 5 cc. 
of water, to which is then added enough NaCl to make the solu- 
tion 10 per cent, and also a few drops of pH 7.4 phosphate buffer. 
The dissolved catalase is then diluted as required. An aliquot 
of the original suspension is used for the drj' weight determination. 
Since horse liver catalase remains soluble after prolonged dialysis, 
this preliminary solution of crystals before dilution is not required. 
For most reproducible results, Ka should lie between 0.025 
and 0.04. 


SUXISIAEY 

1. The Kat. f. or "capability” of crj’-stalline beef liver catalase 
has been found to vary from 28,000 to 35,000, while that of 
crystalline horse liver catalase has been found to vary from 22,000 
to 55,000. 

2. The Kat. /. of various catalase preparations has been found 
to follow inversely the ratio of “blue iron” to hemin iron. This 
leads us to consider as possible the hj'pothesis that catalase 
activity depends upon the number of hematin groups in the 
molecule, and that the blue substance represents changed hematin 
prosthetic groups which result in lowering the actmty. This 
hypothesis has been independently suggested by Lemberg in a 
private communication. 

3. The total iron of horse and beef liver catalase is about 0.09 
per cent. The total iron is equal to the sum of the hemin iron 
and the “blue iron.” 

4. Three samples of crj'stalline horse liver catalase of differing 
Kat. f. values have been shoum to be homogeneous by diffusion. 
One sample of crystalline beef liver catalase has been shown to be 
nearly homogeneous by diffusion. The diffusion constant of both 
beef and horse liver catalase is 4.5 X 10~^ at 20°. 

5. Preparation of horse liver catalase by the Agner method, 
starting with a given sample of liver, has been found to yield 
catalase of the same Kat. f. as that obtained by our method. The 
Agner catalase can be crystallized before or after adsorption on 
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tricalcium phosphate in a Tswett column. The increase in Kat. f. 
produced by adsorption is practically the same as that produced 
by crystallizing the unadsorbed material. 
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A RAT ASSAY METHOD FOR THE DETERMINATION OF 
RIBOFLAVIN* 
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The recognition of riboflavin as an essential dietary" constituent 
has stimulated many attempts to develop a reliable animal assay 
method for this vitamin. Such an assay requires the development 
of a ration deficient in riboflavin but adequate in all other factors 
required by the experimental animal. Bourquin and Shennan 

(I) , Munsell (2), Gyorg>" (3), Day and Langston (4), Supplee et ah 
(5), Hamilton and Mitchell (6), Random el ah (7), Lindholm (8), 
and Carlsson and Sherman (9) have proposed rations for the assay 
of riboflavin wdth rats. The earlier rations gave limited groulh 
when supplemented with adequate riboflavin, suggesting a de- 
ficiency of other dietar}' factors. The rations proposed by the 
later workers have supported growth approaching 3 gm, per day. 
EhSadr, Macrae, and Work (10) have proposed a ration which is 
said to maintain gro\vth of 30 to 35 gra. per week when supple- 
mented with riboflavin. This ration has thus far been emplo 3 "ed 
only in the assaj’' of milk. 

Early studies in this laboratorj" (Elvehjem, Koehn, and Oleson 

(II) ) resulted in the production of a ration (No. K 12 ) for the 
study of the vitamins of the B complex. Frost and Elvehjem (12) 
showed this ration to be deficient in both riboflavin and factor W. 

* Published with the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station, 

This work was supported in part by a grant from the Wisconsin Alumni 
Research Foundation, 

t Wilson and Company Fellow. 
i Commercial Solvents Fellow. 
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A later modification of this ration resulted in the reduction of the 
white corn to a level of 6 per cent, and it was shown that under 
these conditions the ration was deficient in vitamin Be and panto- 
thenic acid (Black, Frost, and Elvehjem (13)) in addition to factor 
W and riboflavin. With the observations of these workers in 
mind we have prepared a ration which is extremely low in ribo- 
flavin and which supports normal growth when adequate riboflavin 
is added. This ration has been successfully applied to the de- 
termination of riboflavin in a wide variety of natural products 
(Table I). 

The butter fat for this ration is prepared by washing melted 
butter four times with hot water in a separatory funnel, ^ome 

Table I 

Riboflavin-Free Basal Ration Kn 


* We are indebted to Merck and Company, Inc., for generous supplies of 
vitamin Bi and vitamin Be. 

variation in the fat content of the ration is permissible. Excel- 
lent growth is obtained when 5 per cent butter fat is used and the 
com oil is omitted. However, after several months upon this 
ration some evidence of a Burr deficiency (14) is obtained. Simi- 
larly excellent growth is obtained when the butter fat is omitted 
and either 3 or 5 per cent com oil is used. Salts I have been 
described by Phillips and Hart (15). 

The basal ration containing the proper amounts of dextrin, 
salts, white com, and casein plus the thiamine, nicotinic acid, 
and vitamin Be may be prepared in bulk and may be stored safely. 
The liver concentrate, cod liver oil, and fat should be added to 
each week’s supply. 


Dextrin 

Casein (Labco) 

Salts I 

White corn 

Butter fat 

Cod liver oil 

Corn oil 

Thiamine* 

Vitamin Be* 

Nicotinic acid 

Riboflavin-free liver extract 


65 parts 
18 " 

4 “ 

6 “ 

3 “ 

2 '• 

2 " 

200 y per 100 gm. 

200 “ " 100 “ 

2500 “ " 100 “ 

=4% of starting material 
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Prcpavaiion of Riboflavin^Frcc Liver Extract — Suitable starting 
materials for this extract are liver powder (No. 1 - 20 ) or liver 
Fraction B (The Wilson Laboratories), Other liver preparations 
have yielded less suitable concentrates. The latter product is a 
desiccated water-soluble powder obtained as a by-product in the 
concentration process for pernicious anemia preparations. The 
former product represents a 20 -fold concentration of whole liver. 

600 gm. of either of these fractions are dissolved in 300 cc, of 
hot water. The heavy viscous fluid is then extracted four times 
with n-butanol, a total volume of 5 liters being used for the 
extractions. It is essential that the liver fractions be homo- 
geneously dissolved in the water, since extraction of the dry pow’der 
5 delds a concentrate with very little activitji The w'et butanol 
extracts are clear and deep brown in color. The residue may be 
discarded. The combined butanol extracts are then concentrated 
in vacuo; small amounts of winter should be added to the flask 
from time to time to keep the solids in solution and to insure the 
removal of the last traces of butanol. The aqueous concentrate 
after removal of the butanol is then made up to 1200 cc, 30 gm, 
of English fullers’ earth are now added and the preparation is 
made strongly' acid to Congo red with 6 k HCl, The material is 
sh^en for h hour on a mechanical shaker and then filtered with 
suction. The filtrate is then treated twice more in the same man- 
ner with 30 gm. portions of the fullers’ earth. The fullers’ earth 
adsorbates containing the riboflavin are then combined and 
washed with 1 liter of 0.01 n HCl. The washings are combined 
with the fullers’ earth filtrate and the w’hole is concentrated in 
vacuo to a volume of 300 cc. It is then made alkaline to phenol- 
phthalein with NaOH, and the W’hite amorphous precipitate w’hich 
forms is filtered off and discarded. A layer of the filtrate 0.5 
inch deep is then irradiated in an ice-cooled dish for 3 hours with 
the light from a frosted 150 w^att bulb. The irradiated filtrate is 
then adjusted to pH 4 to 5 with HCl and stored under toluene in 
the refrigerator. 

The efficienc}^ of this procedure for the removal and destruction 
of riboflavin from liver extract is attested by the fact that one of 
the original liver extracts (Fraction B) contained 375 7 of ribo- 
flavin per gm. when assayed by the microbiological method of 
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Snell and Strong (16), while the final concentrates contain less 
than 0.05 y per gm. of the starting material when assayed by the 
same procedure. Since the liver concentrate is fed at a level of 
4 per cent in the ration, it will be apparent that the experimental 
animals receive less than 0.2 y of riboflavin per 100 gm. of ration 
from this source. 

Assay Procedure — For a reliable assay it is desirable to establish 
a calibi’ation cuiwe Avith pure riboflavin along with the material 
to be assayed. Young male albino rats weighing 40 to 50 gm. are 
fed the deficient basal ration ad libitum until a weight plateau is 
reached. This depletion period ranges from 3 to 5 weeks. ■ When 
all of the animals have reached a satisfactory plateau (less than 6 
gm. growth in 2 weeks), they are placed in groups of three and are 
fed the supplements. A satisfactory calibration curve may be 
obtained when riboflavin is administered at levels of 3, 6, 9, 15, 
and 30 y dailJ^ For administration the riboflavin is conveniently 
made up to a concentration of 30 y per cc. in 20 per cent alcohol, 
and is stored in a dark bottle in the refrigerator. The vitamin is 
pipetted into small individual supplement dishes and is usual^v 
consumed immediately by the animals. The unknown samples 
are usually fed at three levels. Materials high in riboflavin may 
be diluted by thorough mixing with a small amount of the basal 
ration. These materials may be weighed accurately into the 
supplement dishes, and the basal ration is removed until the 
.supplements are consumed. 


Results 

The growth response to graded doses of riboflavin upon this 
ration is shown in Table II. It may be seen that the growth 
increments due to the vitamin are almost linear between 3 and 9 y. 
This is the most satisfactory range for the a.ssa 3 '^ of unknown 
materials. The variation among individual animals in each group 
is also shown. Despite some variation in the individual rats, 
there is little overlapping of average daily gains between groups. 
The closely correlated responses to added riboflavin make it 
possible to obtain practical results with as few as three animals 
to a group. 

In the regular assay we use five groups of three rats upon 
different levels of riboflavin. A typical calibration curve is given 
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in Fig. 1. It may be seen that at the highest level of riboflavin 
growth of better than 4 gm. daily is obtained. 

Table III gives the riboflavin content of some natural products 
which we have assa 3 ’ed Avith our ration. We have compared the 
microbiological assay of Snell and Strong (16) with our bioassaA’ 
and find good correspondence. The microbiological assay of 

Table II 


Groirth Rc^ponic of Riboflavin'Dcficxcnt Rats to Graded Doses of Flavin 


Daily doee of 
riboflavin 

No. of rala 

Arc.“a 5 « daily 
i:ain for 3 wks. 

Daily irain per tt 
riboflavin 

Variation in 
Bvera^ daily 

7 



pn. 

fm. 

3 

9 

0.89 


0.52-1.66 

6 

9 i 

1.62 1 


1.38-2.00 

9 

9 1 

2.20 ; 


1.8.5-2.67 

15 

6 i 

2.96 


2.71-3.37 

30 

6 

4.07 


3.33^.76 



MICROGRAMS RlBOFcAViri/DAY 

Fig. L a typical calibration curve from one scries of animals. The 
riboflavin-free liver extract for these animals was prepared from Fraction B. 


riboflavin reported here has been performed according to the direct 
procedure suggested b}’' Snell and Strong (16). In practice, 
the material to be assayed is finely ground, suspended in water, 
and autoclaved. A suitable aliquot of the fine suspension is then 
a ded to the basal medium for assa}\ Onl}’’ with materials hav- 
a low riboflaArin content on the basis of drj’' AA^eight is there 
any considerable discrepancy between the two methods. The 
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large amounts of solid present in such samples render the direct 
assay undesirable and better results with the microbiological 
method are secured if the riboflavin is flrst extracted from the 
sample (Feeney and Strong, unpublished data). Contrary to the 
assumption of El-Sadr et al. (10), the animal assay of riboflavin 
reported by Snell and Strong (16) on skim milk powder has been 


Table III 

Ribojlavin Content of Some Natural Products 


A comparison of our rat assay method and the microbiological method 
of Snell and Strong. 


Sample 

Rat assay, Ration 
Ksi 

Microbiological 

assay 

Brewers^ yeast 

y per gm, 

61.6 

y per gm, 

62.5 

Flavin Concentrate 3 

2020 

2000 

6 

4000 

4000 

Liver extract, Fraction B 

457 

375 

Grass 8186 

20 

23.9 

1104-9ZB 

25 

24.1 

“ 1130-9H 

20 

24.4 

** 2121-6H 

22 

22.6 

Skim milk powder 

17 

17 

Grass 1513-1 

10 

7.1 

“ 1513-2 

13 

11.9 

Brewers* grains i 

2.5 

'4.5 



obtained by our animal assay procedure rather than by the 
method of Bourquin and Sherman (1). 

DISCUSSION 

El-Sadr, Macrae, and Work have recently proposed a ration 
for the assay of riboflavin which contains a charcoal filtrate of 
liver extract as a source of the vitamin B complex. This ration 
gives excellent growth when supplemented with riboflavin. 
However, the utility of this procedure for assay purposes has been 
demonstrated only with milk. Experience with norit filtrates of 
liver extract and yeast in this laboratory has shown that variation 
in the vitamin Be and pantothenic acid content of the filtrate 
may exist, depending upon the kind and amount of norit employed. 
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Variations in the pH also affect the degree of adsorption of vitamin 
Bfi and particularly of pantothenic acid upon norit. It seems likely 
that considerable care must be employed in the choice of condi- 
tions for adsorption of riboflavin if the procedure of the English 
workers is to be employed. 

The method which we have described in this publication has 
been employed with considerable success in the assay of natural 
products. It is not, however, to be considered a final assay pro- 
cedure for ribofla\in, since later modifications of the ration may 
}deld further improvements. The fullers’ earth filtrate of the 
butanol extract of liver fractions which we employ as a source of 
the filtrate factors has been sho\TO to be suflScientl}' low in thi- 
amine, \dtamin and riboflavin to be employed as a source of 
filtrate factors in the assay of any of these three vitamins. On the 
other hand, the fullers’ earth filtrate is an excellent source of 
pantothenic acid, factor W, and perhaps other filtrate factors. 
Rats have been maintained upon this ration supplemented vdth 
adequate riboflavin for 8 months without the development of any 
obnous patholog>% Males upon this ration achieve a final weight 
of approximately 275 gm. and females about 225 gm. Attempts 
at reproduction on this ration have jdelded only partial success, 
for while some litters have been bom, the}’ have never been suc- 
cessfully reared by the mother. It seems likely that the ration is 
low in Aitamin E and perhaps in the lactation factors described by 
the Japanese workers (17). 


STJMAIARY 

A riboflavin-low basal ration suitable for riboflavin assays mth 
the rat is described. Vitamin Bi, vitamin Be, and nicotinic acid 
are supplied in pure form and the remainder of the B complex is 
supplied in riboflavin-low liver extract. The method of preparing 
the concentrate is described. 

When this ration is supplemented vdth adequate amounts of 
ribofia\dn, normal rates of growiih are obtained. With suboptimal 
amounts of riboflaAun, the growth rate is proportionate to the 
amount of riboflaAon fed. 

* Waisman, H. A,, Henderson, L. M., and Elvehjem, C. A., unpublished 



364 


Determination of Riboflavin 


Our comparison of the results obtained by this method and the 
microbiological method is given for a number of materials. 
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The purpose of the present paper is to define the potential losses 
and errors involved in the extraction and colorimetric assay of the 
urinary neutral 17~ketosteroids (^^androgens^O- Procedures which 
largely eliminate these potential inaccuracies are described. 

Colorimetric Analysis 

A primary requisite for an accurate determination of the con- 
centration of a substance in an unknown solution by colorimetric 
analysis is that the color developed be qualitatively identical with 
the color produced by a sample of the same substance in pure solu- 
tion. In comparing the absorption spectra of the m-dinitroben- 
zene-alcoholic KOH reaction products of crystalline 17-keto- 
steroids in pirre alcohol, on the one hand, and of the neutral fraction 
of urine extracts in alcohol, on the other, Callow, Callow, and 
Emmens (1) noted marked differences between the spectra of 
certain of the latter and of the crystalline hormones below 450 
m/x. They were unable to estimate the light absorption at 520 
referable to the unidentified chromogenic material and thus 
to calculate the absorption specifically due to the 17-ketosteroids 
(see Fig, 1). They, therefore, viewed with suspicion results ob- 

* This work was supported by a grant from the Commonwealth Fund 
and aided in part by a grant from the International Cancer Research 
Foundation. 
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tained on urine extracts showing excessive light absorption at 420 
mju. Furthermore, Langstroth and Talbot (2) have shown that 
the reaction involving neutral 17-ketosteroids may be appre- 
ciably influenced by the presence of such a reactive substance as 
testosterone, which is a unsaturated 3-ketosteroid. Their 
experiments furnish specific examples of the fact that the inter- 
fering chromogens not only may contribute to the light extinction 
at 520 m;u but also may interfere with the 17-ketosteroid color 
reaction. 



Fig. 1. Extinction-wave-length curves of the colored compounds formed 
with the m-dinitrobenzene-alcoholic KOH reagent by crystalline dehydro- 
isoandrosterone (Curve A), and by the crude fraction (Curve B), the ketonic 
fraction (Curve C), and the non-ketonic fraction (Curve D) of a repre- 
sentative urine extract. 


The experiments that follow were undertaken to define further 
and to eliminate such errors due to interfering substances in urine 
extracts. 


EXPERIMENTAL 

Extinction-Wave-Lenglh Measurements — Fig. 1 presents repre- 
sentative extinction-wave-length curves of the w-dinitrobenzene 
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reaction product obtained respective!}’- vith, first, an alcoholic 
solution of crj'StalHne androsterone (Curve A) and, second, -with 
each of the three fractions of a neutral urine extract described by 
us in a previous communication (3); namely, the crude fraction 
(Curve B), the ketonic fraction (Cun'e C), and the non-ketonic 
fraction (Cun'e D). As has been sho-wn pre^’^ously (4), crystal- 
line 17-ketosteroids (Cun'e A) have a characteristic cun'e vrfth 
a mfiviTniim at 520 and a minimum at 380 mfi. Inspection of 
Cun'e B reveals that the color formed by the crude urine extract 
differe definitely from that of Cunm A. Instead of a continuous 
decline in light absorption from 520 to 380 m^i, there is a decline 
only to 440 and an excessive extinction at 380 m^j. On the other 
hand, the cun'e representing the ketonic fraction (Cunm C) cor- 
responds much more closely to that given by androsterone (Curve 
A). Finally, the cun'e of the non-ketonic fraction (Curve D) 
shows an appreciable and increasing rise in light absorption from 
560 to 380 mjLi. This corresponds with the absorption noted in the 
crude fraction (Curve B) over the range from 440 to 380 ma. 

These spectroscopic analyses of the colors produced in the 
jn-dinitrobenzene reaction by a crystalline 17-ketosteroid and by 
the crude, the ketonic, and the non-ketonic fractions of urine 
extracts have been ex-tended and confirmed by a series of measure- 
ments made with a photoelectric colorimeter. Extinction co- 
efficients^ were obtained "with a green filter (maximum transmis- 
sion 520 mfi) and a blue filter (maximum transmission 420 ma). 
In Fig. 2, the extinction coefficients obtained with the green filter 
are plotted as ordinates, while those obtained "with the blue filter 
are plotted as abscissae. Line A is drawn through points ob- 
tained -with various amounts of crystalline androsterone. Line 
B represents the mean for points obtained -with the ketonic frac- 
tions of urine extracts. Because of the wide scatter, no line could 
be drawn through the points which represent the crude fractions of 
urine extracts. On the other hand, the points given by the non- 
ketonic fractions clearly describe Line G. 

The data of Fig. 2 show that the highest ratio (2.0) for Eq\Eb 
■was obtained with pure solutions of crystalline 17-ketosteroids 

^ Eo and Bb represent the extinction coefficients obtained -with the green 
and blue filters, respectively. The extinction coefficient is the log of the 
blank galvanometer reading minus the log of the test galvanometer reading. 
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(Line A) . The ratio for the ketonic fractions, represented by Line 
B, averaged slightly lower (1.8). On the other hand, the average 
ratio obtained for the non-ketonic fractions (Line C) was much 



Fig. 2. Extinction coefficients obtained on the colored compounds 
formed with the 7n-dinitrobenzene-alcoholic KOH reagent by crystalline 
dehydroisoandrosterone, androsterone, and isoandrosterone (Line A), the 
ketonic fractions of various urine extracts (Line B), and the non-ketonic 
fractions of the same urine extracts (Line C). The ordinates represent the 
extinction coefficients obtained with a green filter; the abscissae represent 
the extinction coefficients obtained with a blue filter. O represents points 
obtained for the crude neutral urine extracts. 

lower (0.48) than that obtained for either the ketonic or crystalline 
17-ketosteroid solutions. As would be expected, the points repre- 
senting the crude fractions are scattered between Lines B and C. 
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The foregoing extinction-wave-lcngtli measurements of the 
colors given by the various solutions in the ^nnlinitrobenzene reac« 
tion lead to the following conclusions. 

The colors given by solutions of the crude fractions are variable. 
This variability is apparently due largely to non-kctonic sub- 
stances which react vith m-dinitrobenzene to give a color which 
differs from the characteristic 17-ketosteroid color. Therefore, it 
is to be expected that colorimetric assays made on the crude frac- 
tion will be subject to a variable error. It wdll not be feasible to 
de\dse a reliable method for correcting for the errors referable to 
interfering chromogens in crude extracts until they and their 
beharior in the m-dinitrobenzene-alcoholic KOH reaction have 
been further defined. 

The colors given by solutions of the ketonic fractions approxi- 
mate those given by pure solutions of crj^stalline 17-ketosteroids 
much more consistently than do solutions of the crude neutral 
extract. Therefore, the colorimetric assay should be more reliable 
when made upon the partially purified ketonic fraction. 

The fact that the colors given by solutions of the ketonic fraction 
are not always identical vnth the colors given by crystalline 17- 
ketosteroids suggests that the ketonic fraction contains either 
traces of non-ketonic chromogens or ketosteroids other than 17- 
ketosteroids. These other ketosteroids may, as shown by Callow 
d ah (1) and McCullagh, Schneider, and Emeiy (5), give colors 
in the m-dinitrobenzene reaction that differ significantly from the 
colors given by the 17-ketosteroids. 

QmntiUitive Accuraq / — Previously published data (3) showed 
that known amounts of androsterone, dehydroisoandrosterone, 
and mixtures of the two ranging from 0.05 to 0.30 mg. per sample 
analyzed could be assayed 'with an error not exceeding per 
cent. Subsequently in a series of eight determinations of the 17- 
ketosteroid content of a single urine extract, in which the samples 
analyzed varied from 0.05 to 0.2 cc., the variation was db3 per 
cent. 

In order to determine the consistency with which the a-17-keto- 
steroids^ could be determined, 4 aliquots of a single urine sample 

* In this paper the term ^ fraction refers to the 3-^-hydroxy ketosteroids 
w ch are precipitated with digit onin. For brevity and convemence the 
term a fraction refers to the remaining ketosteroids which are not precipi- 
tated vnth digitonin. 
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were precipitated' with digitonin and the supernatant solution 
was assayed for a-lT-ketosteroids. The results showed a varia- 
tion of ±7 per cent from the mean. 

Previously published data show the average recovery of known 
amounts of androsterone, dehydroisoandrosterone (3), and estrone 
(6) in the ketonic fraction after treatment with Girard’s Reagent 
T to be 93 per cent. The poorest recovery was 85 per cent, 
Gom-parison of Results Obtained with Crude and with Purified 
Extracts — ^Table I gives data on the 24 hour excretion of total 


Table I 

Colorimetric Assay of Crude and Purified Extracts 


Urine extract 
No. 

Neutral 17-keto3teroids, mg. per 24 hrs. 

Crude 

(o) 

Corrected 

crude 

(b) 

Ketonic 

( c ) 

(c):(6) 

EqxE^ of (a) 

1 

1.1 

1.0 

0.7 

n 


2 

1.5 

1.3 

0.5 

■IH 


3 

3.1 

2.9 

2.1 



4 

4.1 

3.8 

2.6 

0.69 


5 

7.8 

7.4 

6.2 

0.84 


6 

27.4 

27.4 

20.0 

0.73 


7 

5.4 

5.2 

5.0 

0.96 


8 

6.4 

6.2 

5.4 

0.87 


9 

8.1 

7.8 

8.0 

1.03 

1.70 

10 

13.4 

13.0 

11.4 

0.88 

1.71 

11 

27.0 

27.0 

26.6 

0.99 

1.83 

12 

27.7 

27.7 

30.0 

1.08 

1.83 


neutral 17-ketosteroids, determined on the crude and the ketonic 
fractions of urine extracts. Columns (o) and (5) present the 
values obtained on the crude fractions; column (6) includes the 
correction for crude non-reactive colored substances described 
in an earlier paper (3) ; column (c) gives the values for the ketonic 
fractions. Inspection of column (c):(b) reveals that in the first 
six urine extracts the differences between the ketonic and the crude 
values are greater than can be accounted for by probable losses in 
the Girard’s purification procedure and that the correction applied 
in column (b) is not adequate. The ratios of Eq'.Eb for the crude 
solutions of these same extracts indicate a relatively large amoimt 
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of non-ketonic ckromogens. A similar anabasis of the data in 
Table I pertaining to the remaining sbc extracts shows that the 
correction applied in column (6) is relativeh^ satisfactory and that 
the Eq:Eb ratio indicates the presence of relativelj'' small amounts 
of non-ketonic chromogens. These data, which confirm the find- 
ings of Callow cl ah (1), suggest that when the EqIEb ratio is 
1.5 or greater the values obtained follo\mg the simple correction 
for nomreactive colors are reasonably satisfactory. For solutions 
which give an Eq'-Eb ratio of less than 1.5, a significant increase 
in accuracy is attained by separating the ketonic from the bulk of 
the non-ketonic substances with Girard’s Reagent T before the 
colorimetric determination is made. 

Assuming that the value obtained from the colorimetric analysis 
of the ketonic fraction is approximately correct, the analytical 
data on urine Kxtract 2, which contains a low concentration of 
neutral 17-ketosteroids, show that overestimations by as much as 
260 per cent may occm in the assay of the crude fraction. In 
spite of this high percentage error, the error in the 24 hour excre- 
tion is but 0.8 mg. In a similar way the data on urine Extract 6, 
which contains a relatively high concentration of 17-ketosteroids, 
show an overestimation of 35 per cent and of 7.4 mg. in a 24 hour 
excretion. 


Hydrolysis and Extraction 

Dingemanse el ah (7, 8), Peterson, Gallagher, and Koch (9), and 
Callow et ah (10) have presented evidence which shows that some 
loss of androgenic activity and of neutral 17-ketosteroids may 
occur during acid hydrol 3 rsis of urine prior to extraction. Dinge- 
manse and Laqueur (8) separated the a- and /S-steroids with digi- 
tonin and assayed the fractions by biological methods. They 
noted a greater loss of the ^ than of the a fraction and showed that 
this loss could be largely prevented by simultaneous hydrolysis 
and extraction. Workers using independent hydrolyses have not 
agreed upon an optimal procedure. The experiments that follow 
present a more detailed definition of the effect of independent 
hydrolysis and describe an improved method of simultaneous 
hydrolysis and extraction. 

The mflamniability of ether and benzene make these two sol- 
vents unsuited to routine procedures of continuous hydrolysis. 
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Moreover, the tendency of the former to form emulsions and the 
particular toxicity of the latter are further disadvantages in their 

Table II 

Time Required for Essentially Complete Extraction of Neutral 17-Ketosieroids 
from Urine hy Siimdtaneous Hydrolysis and Extraction Procedure 


Colorimetric assays were made on the ketonic fraction. 


Experi- 

ment 

No. 

Solvent 

Method of hydrolysis 
and extraction 

Total time 

Total 17-keto- 
steroidsf 




hrs. 

mg» per L 

1 

CCI 4 

Independent* 

a 

X 

11.8 

2 

tt 

Simultaneous 

2 

4.4 




4 

10.0 




G 

12.0 

3 

n 

cc 

6 

12.0 




7 

12.5 

4 

Cl2C=CCl2 

c c 

2 

12.6 




3 

13.4 




4 

13.7 

5 

cc 

cc 

3 

13.5 




4 

13.7 


* Control experiment with independent hydrolysis and subsequent 
extraction. 

t The extracts obtained were washed twice with 25 cc. lots of a 10 per 
cent solution of Na 2 S £04 in 1.0 n NaOH, twice with 25 cc. lots 1.0 n NaOH, 
twice with 25 cc. lots of 0.5 n HCl, and three times with 25 cc. lots of water. 
The neutral residue was treated with Girard’s Reagent T (trimethylacet- 
hydrazideammonium chloride, Eastman) according to the procedure de- 
scribed previously (3). The colorimetric assays of the total and a-keto- 
steroids were carried out on the ketonic fraction. Instead of the Girard’s 
reagent-ketosteroid condensation in alcoholic solution as described pre- 
viously, the condensation maj’’ be carried out in the absence of alcohol and 
in a brief period of time according to Dr. J. K. Wolfe as follows: The neu- 
tral residue is thoroughly dried in a glass flask. 0.5 cc. of glacial acetic acid 
and 200 mg. of Girard’s Reagent T are added. The flask is stoppered with 
tin-foil and the mixture heated for 10 minutes on a boiling water bath. 
For the rest of the procedure the directions outlined previously are fol- 
lowed. 200 mg. of Girard’s Reagent T will take care of 50 mg. of 17-keto- 
sleroid. The final alcoholic extract should be assayed promptly, because it 
has been noted that these extracts change on standing. This change, 
which is manifested by a variable but marked decrease in the Ea* Eb ratio 
is particularly apt to occur in solutions of the a. fraction. 

use. The present studies on hydrolysis and extraction are limited 
to the use of carbon tetrachloride and tetrachloroethylene, two 
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commercially available non-inflaramable solvents. Their boiling 
points of 78° and 121°, respectively, permit raising the temperature 
of urine to a point where simultaneous hydrolj^is and extraction 
are practical. To provide as efficient extraction as possible with 
these hea%der than water solvents, the extraction apparatus de~* 
scribed by Hcrshberg and Wolfe (11) has been used.* They have 
shown that in this apparatus neutral 17-ketosteroids are almost 
completely extracted from hydrolyzed urine in | hour. 

Time Required for Extraction of iVe?/^ra^ 17-Ketosleroids from 
Urine hy Sivixdtaneous Hydrolysis and Extraction Procedure — 
Table 11 presents a series of five experiments on one 5 liter lot of 
pooled urine. The urine was collected with approximateb" 7 
cc. of concentrated HCl per liter as a preservative and was stored 
in a refrigerator. To each liter aliquot of the final pooled urine 
143 cc. of concentrated HCl wnre added. In Experiment 1 this 
mixture w'as boiled under a reflux for 10 minutes and then ex* 
tracted for f hour with CCh. In the other experiments^ the cold 
mixture w^as placed in the continuous extraction apparatus and 
simultaneously extracted, heated, and hydrolyzed with carbon 
tetrachloride or tetraohloroethylene for measured periods of time. 

The data of Experiment 1 (Table II), which w’as run as a control, 
show that 11.8 mg. of 17-ketosteroids were recovered from the 
1 liter aliquot wffiich w*as independently hydrolyzed and extracted. 
Experiments 2 to 5 indicate that more than 12.0 mg. of 17-keto* 
steroids w’ere recovered from the other liter aliquots of the same 
urine by simultaneous hydrolysis and extraction with carbon tetra- 
chloride for 7 hours or with tetraohloroethylene for 3 or 4 hours. 

The data also show a satisfactory’' agreement in results from 
duplicate analyses (see also Table III). 

Compamon of Recovery of Neutral IT-Keiosteroids from Urine 
after Various Methods of Hydrolysis and Exiraciion — In keeping 
with the obsen’^ations of others, the higher 17-ketosteroid %'alues 
obtained in the above analyses after simultaneous hydrolysis and 
extraction suggested that independent hydrolysis might resxilt in 
destruction of some 17-ketosteroid. Recovery’' experiments were. 

^ To minimize heat loss from the apparatus, the cylinder which contains 
tbe urine was encased in a thick layer of insulating material. 

* In these 0.7 gm. of stannous chloride was also added to the mixture. 
Stannous chloride, a mild reducing agent, is not essential but helps to 
minimize the formation of emulsions. 
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Table III 

Comparison of Recovery of Neutral 17-Keiosieroids from Urine after Various 
Methods of Hydrolysis and Extraction 


The data are expressed as mg. per liter of urine, determined by colori- 
metric assays on the ketonic fraction. 


Ex- 

peri- 

ment 

No. 

17-Ketosteroid* added, 
mg, per liter 

Hydrolysis 
and extraction 
procedure! 

Total 17-keto- 
steroids 

a-17-Keto- 

steroids 

/3-17-Keto- 

steroids 

Deter- 

mined 

Theo- 

reti- 

cal! 

Deter- 

mined 

Theo- 

reti- 

cal! 

Deter- 

mined 

Theo- 

reti- 

cal! 

1,A 

None 

I. 

5.0 




IB 


B 

tt 

I. + SnCU 

5.4 


4.6 




C 

ft 

S. 

4.6 


3.7 


wm 


D 

DHA (21) 

I. 

19.5 


10.5 


9.0 

21.8 

E 

“ (13) 

s. 

17.0 


3.6 


13.4 

13.8 

2, A 

None 

I. 

8.7 


8.7 


0.0 


B 

DHA (22) 

tt 

24.0 

30.7 

14.0 

8.7 


22.0 

C 

A (25) 

tt 

32.2 

33.7 

31.1 

33.7 

1.1 

0.0 

D 

lA (18) 

tt 

26.6 

26.7 

11.6 

8.7 


18.0 

E 

A (11) + lA (11) 

s. 

28.0 

30.7 

17.4 

19.7 


11.0 

3, A 

None 

I. 



5.2 




B 

tt 

s. 



6.5 




C 

DHA (22) 

tt 

27.5 

28.1 

6.9 

5.8 


22.3 

D 

“ (13) 

“ 1 

17.0 

19.1 

4.2 

5.8 

12.8 

13.3 

4, A 

None 

I. 

2.6 


2.4 


mB 


B 


s. 

2.5 


2.5 


in 


C 

A(13) 

I. 

15.5 


15.5 

15.5 

0.0 

0.1 

D 

lA (11) 

tt 

13.5 


5.0 


8.5 

11.0 

E 

A (5) + lA (14) 

s. 

23.6 





14.1 


* DHA, dehydroisoandrosterone; A, androsterone; I A, isoandrosterone. 
The figures in parentheses indicate the mg. of 17-ketosteroid added. 

1 1, indicates that the aliquot was first hydrolyzed by boiling 10 minutes 
with 143 cc. of concentrated HCl per liter, followed by extraction of the 
mixture for 45 minutes with CCI4. I. + SnCls indicates that 0.7 gm. of 
stannous chloride was added to the mixture in addition to the HCl. S. 
indicates that the aliquot was simultaneously hydrolyzed and extracted 
with tetrachloroethylene for a period of 3 hours after 0.7 gm. of SnClj and 
143 cc, of concentrated HCl were added to the liter aliquot. 

X The theoretical values represent the sum of the average control deter- 
minations and the mg. of crystalline steroid added to the aliquot prior to 
hydrolysis and extraction. 

therefore, carried out in which known amounts of crystalline 
dehydroisoandrosterone. isoandrosterone, or androsterone were 
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added to aliquots of urine, the a- and /9-17-ketosteroid content of 
which was known. The analytical data frona four series of such 
recovery experiments are given in Table m. The theoretical 
values represent the sum of the average control values of each 
urine sample and the mg, of crystalline hormone added to each 
aliquot. The results of the indi\ddual e.xperiments of Table III 
are summarized in Table H'. 

These data show that independent hydrolysis converts approxi- 
mately 20 per cent of the added crystalline /S-hydroxyketosteroids 
(digitonin-precipitable), dehydroisoandrosterone and isoandro- 

Tabix IV 


Becovery of Hormones Added to Aliquots of Urine 



Experiment No. 
Cr&bte III) 

Hormone 

ndded* 

Per cent of 
added hor- 

Per cent of added hortooao 
appearing after dissionin 
separation 


, covered as 
' 17*keto- 

, a fraction 

fraction 




steroids 

Deter- 

mined 

ItBco- 

retical 

Deter- 

mined 

Tbeo- 

retical 

Independent 

1,D;2,B 

DHA 

67 

25 

0 

42 

100 

extraction 

2,D;4,D 

lA 

100 


0 

80 

100 

and hydrol- 
ysis 


A 

100 

98 

100 

2 

0 

Simultaneous 


DHA 

98 

2 

0 

96 

100 

extraction 
and hydrol- 
ysis 


A 4- 
lA 

104 

102 

100 1 

102 

j 

100 


*I>HA, dehydroisoandrosterone; lA, isoandrosterone; A, androsterone. 


sterone, to ketosteroids which are not precipitated by digitonin. 
This finding is at least partially explained by the observations of 
Butenandt ei ah (12), who noted that hydrochloric acid hydrolysis 
results in some chlorination of the 3-carbon atom of dehydroiso- 
androsterone, and of Wolfe® who isolated some chlorodehydroiso- 
androsterone from an extract of human urine which had been 
hydrolyzed with hydrochloric acid. It is of interest that destruc- 
tion of the 3-^-hydroxyl group occurred to approximately the 
same extent in the A® unsaturated /S-steroid, dehydroisoandro- 

* J. K. Wolfe, unpublished observation. 
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sterone, as in the saturated /3-steroid, isoandrosterone. Because 
the a-steroid, androsterone, is not precipitated by digitonin, we 
have no information concerning the effect of acid hydrolysis on 
this hormone. Acid hydrolysis apparently has an additional effect 
on the carbonyl group at C-17 of dehydroisoandrosterone, as evi- 
denced by a decrease of total color-producing substances (Table 
III, Experiments 1,D, and 2,B). This change may be dependent 
upon the A® unsaturation, as it does not occur in the saturated 
compounds, isoandrosterone and androsterone. 

The data further show that the above effects of hydrolysis are 
eliminated by simultaneous extraction and hydrolysis. These 
findings indicate that simultaneous extraction and hydrolysis of 
urine are essential for the accurate assay of the ketosteroids in 
urine samples, especially when detailed information is desired. 

Although the shorter time required for complete simultaneous 
hydrolysis and extraction by tetrachloroethylene favors the use 
of this solvent, the possible deterioration and difficult evaporation 
of this reagent render it somewhat unsuitable for routine use. 

SUMMARY 

Assays of the neutral ketosteroid content of urines made by 
applying the m-dinitrobenzene-alcoholic KOH reaction to the 
crude neutral fraction of urine extracts are subject to a variable 
error due to interfering non-ketonic chromogenic substances. 
This error may be eliminated in large part by purifying the crude 
extracts with Girard’s Reagent T. The solution of the partially 
purified ketonic fraction thus obtained gives colors in the m-dini- 
trobenzene reaction which approximate but do not exactly cor- 
respond with the colors given by solutions of crystalline 17-keto- 
steroids. This discrepancy may be due to either traces of non- 
ketonic substances or to the presence of neutral ketosteroids other 
than the 17-ketosteroids. 

Hydrolysis of urine with hydrochloric acid may affect the 3-/3-hy- 
droxyl group of /3-ketosteroids so that these ketosteroids are no 
longer separable from the a-ketosteroids by digitonin precipitation. 
An underestimation of the |8 fraction and an overestimation of the 
a fraction may, therefore, occur. Such hydrolysis may also affect 
the carbonyl group at C-17 of A® unsaturated ketosteroids so that 
there is a decrease in total color-producing substance in the 
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tn'Kiinitrobenzene reaction and hence an error of underestimation 
hy this procedure. These effects of h3^dro]ysis are eliminated by 
the simultaneous hydrolysis and extraction procedure described 
here. 

We wish to thank Dr. L, F. Fieser and Dr. J. K. Wolfe for their 
advice. The authors are indebted to Dr, E, Schwenk, of the 
Schering Corporation, for samples of cr^'stalline androsterone and 
dehydroisoandrosterone and to Dr. E. Oppenheimer, of the Ciba 
Pharmaceutical Products, Inc,, for a supply of crystalline isoandrcH 
sterone. 
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THE MICRODETERMINATION OF GOLD IN BIOLOGICAL 

FLUIDS 


Bt WALTER D. BLOCK akd OLIVER H, BUCHANAN 

{From the Rackham Arthritis Research Unit* Medical School, 
University of Michigan, Ann Arbor) 

(Received for publication, July 22, 1940) 

The increasing interest in the use of gold salts as chemotherapeu- 
tic agents in the treatment of certain diseases (1) has made 
apparent the necessity of an accurate, specific, and sensitive 
method for the determination of gold in various biological mate- 
rials. Moreover, the lack of information regarding the metab- 
olism and pharmacology of this element further emphasizes this 
need. Previous methods have employed either an electrolytic 
precipitation, a colorimetric reaction, or a titrimetric procedure. 
The electrolytic methods such as those of Cadwell and Leavell 
(2) and Lomholt (3) involve too many technical difficulties to be 
of practical value. The numerous colorimetric methods (4r-6) 
lack both specificity and accuracy. The method of Merejkovsky 
(6) seems to be specific and is probably the best, but the large 
blank from the reagent itself and the inadequate directions of the 
author make it impossible to duplicate the original residts. The 
iodometric titration first employed by Peterson (7) and modified 
most recently by Hansborg (8) cannot be applied to tissues and 
blood because the feme iron present in these substances interferes 
with the reaction. This difficulty has been overcome by Tukats 
(9) by a preliminary precipitation of the gold with oxalic acid. 
However, this preliminary procedure makes it impossible to apply 
the method to the determination of very small quantities of gold. 
Pollard (10) determined gold after conversion to the chloride by 
titration with hydroquinone, using o-dianisidine as an indicator. 
In order to secure quantitative results it was necessary for other 

* The Rackham Arthritis Research Unit is supported by the Horace 
H. Rackham School of Graduate Studies of the University of Michigan. 
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inorganic salts to be absent. This condition was obtained by a 
preliminary precipitation of the gold from the original substance 
by use of a hydrochloric acid solution of tellurium saturated with 
sulfur trioxide. A modification of this method for use with urine 
(11) required large volumes of urine and was limited in sensitivity. 

Because none of these methods is entirely adequate, it was 
thought it would be of value to develop an accurate and specific 
modification of Pollard’s (10) procedure for the quantitative deter- 
mination of gold in small amounts of blood and urine. 

Principle of Present Method 

The present method involves the determination of gold by the 
use of the color reaction produced by o-dianisidine and auric 
chloride in a slightly acid solution buffered with potassium bi- 
fluoride. This color production follows Beer’s law and can be 
quantitatively measured in an Eveljm photoelectric colorimeter. 
Preliminary digestion by use of sulfuric acid and hydrogen perox- 
ide is necessary to oxidize all interfering organic substances. 
Since the color reaction is specific for the chloride or bromide of 
gold, it is necessary to convert the separated gold to the chloride 
by aqua regia. All excess sulfuric acid must be previously re- 
moved by evaporation to absolute dryness in order to secure a 
quantitative conversion of gold to the chloride. Likewise after 
conversion to the chloride, excess aqua regia must be removed 
because nitrosyl chloride as well as nitric acid produces a color 
with o-dianisidine. Further, the presence of any excess acid will 
inhibit the production of the final color with gold chloride. Potas- 
sium fluoride and hydrochloric acid are then added to the solution 
to produce the buffered acid solution. In addition the fluoride is 
necessary to prevent the reaction of any ferric iron present with the 
o-dianisidine (12). 


EXPERIMENTAL 

Reagents — 

Standard gold solution. 153.9 mg. of gold chloride are trans- 
ferred to a 1000 cc. volumetric flask and diluted to volume with 
distilled water. 1 cc. of this solution is equivalent to 0.1 mg. 
of gold. This stock standard is stable for 2 to 3 days. 
Potassium fluoride. 10 gm. of this salt are weighed out ac- 
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curately and transferred to a 100 cc. volumetric flask and diluted 
to volume vdth distilled water. After the salt dissolves, the 
solution is filtered. This solution is stable for 2 days. 

Potassium bifluoride (Merck). 0,75 gm. of potassium bifluoride 
is weighed accurately and transferred quantitatively to a 100 cc. 
volumetric flask and diluted to volume with distilled water. This 
solution should be made fresh everj’' 12 hours. 

o-Dianisidine. 250 mg. of o-dianisidine are weighed accurately, 
transferred to a 250 cc. volumetric flask, and 150 cc. of water and 
1 cc. of concentrated hydrochloric acid are added. The solution 
is then diluted to volume vith distilled water and nnll remain 
stable for 1 day. 

H 3 ^drochloric acid (1:4). 25 cc. of concentrated hydrochloric 
acid are transferred to a 100 cc. volumetric flask and diluted to 
volume ^vith distilled water. 

Hydrochloric acid (1:12), 41.5 cc. of concentrated hydrochloric 
acid are transferred to a 500 cc. volumetric flask and diluted to 
volume. 

/ 

Aqua regia, 10 cc. of concentrated nitric acid are added to 30 
cc. of concentrated h^^drochloric acid. This solution should be 
made everj^' day. 

Procedure 

A knonm amount of urine (10 to 50 cc.) is placed in a Kjeldahl 
flask^ which has been graduated to 100 cc. To this flask 3 to 5 
cc. of concentrated sulfuric acid are added. A small glass bead 
and several drops of caprylic alcohol are introduced into the mbc- 
ture, which is then slowly heated on a Kjeldahl digestion rack until 
the solution begins to char. The heating is continued for 5 to 8 
minutes, after which the flask is cooled and a 30 per cent solution 
of hydrogen peroxide (superox'ol) is added drop by drop until the 
solution is water-clear. This requires approximately 8 to 10 
drops. The solution is then evaporated to complete dryness over 
a microbumer. The sulfuric acid fumes are removed by inserting 
into the neck of the flask a glass tube which is connected through 

^ 100 cc. Kjeldahl flasks 'vvilh necks shortened to 5 to 6 cm. are the size 
used, as, when they are accurately calibrated udth a Bureau of Standards 
100 cc. pipette, the calibration mark falls in the narrow neck portion of 
the flask. 
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a water trap to a water pump. The flask is cooled, 2 cc, of aqua 
regia are added, and the flask is heated on a microbumer until 
the solution is evaporated to 0.2 to 0.3 cc. The flask is removed 
and while still warm a slow stream of air is introduced into the 
flask, which evaporates the remaining acid and moisture. During 
the heating the flask should be 5 to 6 cm. above the tip of the 
flame to avoid local overheating which will decompose the gold 
chloride. After cooling, the precipitated inorganic salts are re- 
dissolved by addition of about 75 cc. of distilled water. 0.75 cc. 
of hydrochloric acid (1:4), 8 cc. of potassium fluoride, and 1 cc. 
of o-dianisidine solution are added to the flask. The volume is 
made up to 100 cc. with distilled water, the flask stoppered, and 
the solution thoroughly mixed. The solution is then transferred 
to a colorimeter absorption tube, filling the tube to within 1 to 2 
cm. of the top. After stoppering, the pink color which reaches its 
maximum intensity within 3 to 10 minutes is read in the Evelyn 
photoelectric colorimeter with Filter 440 and a center settmg on 
the galvanometer of 76. The stoppering of the graduated Kjel- 
dahl flask and absorption tube is necessary to prevent a slight color 
development of the reagents in the presence of air. 

The same procedure can be applied to blood, with 1 to 5 cc. of 
plasma which is placed in a micro-Kjeldahl digestion tube that has 
been graduated to a 15 cc. volume. The initial digestion requires 
1 cc. of sulfuric acid, and the conversion to the chloride is accom- 
plished by 0.5 cc. of aqua regia. The color is then developed by 
the addition of 0.1 cc. of hydrochloric acid (1:12), 1 cc. of potas- 
sium bifluoride, and 0.4 cc. of o-dianisidine. This is then diluted 
to 15 cc. volume and the color read as in the case of the urine. 
Stoppering of the absorption tube is unnecessary because the po- 
tassium bifluoride prevents the production of any color of the re- 
agents in the presence of air. 

Results Obtained in Tests with Pure Solutions of Gold Chloride 

A series of determinations was conducted with varjdng quanti- 
ties of gold ranging from 5 to 300 y. The results are presented in 
Table I. When the galvanometer was adjusted to 100 with a stop- 
pered tube containing an aliquot of the blank solution made up of 3 
cc. of hydrochloric acid (1:4), 8 cc. of potassium fluoride, and 1 cc. 
of «Miianisidine diluted to 100 cc. volume, a center setting of 76^ 
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■was obtained as compared to 76'* when water alone was used. 
The ratio of photometric density (L values) to the concentration 
of the test solution is a constant {K, Table I). Reproducibility 
of results in these tests was excellent. Below the quantity of 5 
y of gold there is a significant deviation from the K value. How- 
ever, this can be overcome in unknowns by using sufficiently large 


Tabu; I 


RtjiToducibiliiy of Chemical Method for Determination of Gold Chloride and 
Constancy of Ratio of Photometric Density io Concentration of Compound 


Gelid preeect 

No. of testa 

Haiigo of galva- 
cometer reading* 

Average photo- 
metric densi^’t 
(£r valu«) 

Calculated K 
valuet 

T 

5 

3 

96S, 96> 

0.0155 

0.0031 

10 

4 

93», 93» 

0.0281 

0.0030 

15 

5 

83S 90« 

0.0470 

0.0031 

20 

5 

87«, 87» 

0.0605 

0.0030 

25 

5 

84», 84* 

0.0757 

0.0030 

30 

2 

81°, 81» 

0.0915 

0.0031 

50 

4 


0.1580 

0,0032 

100 

4 j 

48°, 48* 

0.3190 

0.0032 

150 

3 

32S 33® 

0.4850 

0.0032 

200 

2 

22S 23® 

0.6430 

0.0032 

250 

3 

15*, 16® 

0.8030 

0.0032 

300 

3 

12®, 12^ 

0.9210 

0.0031 

Average 

0.0031 



* These values correspond to the maximal pink color produced when 
taken with a center setting of 76^. 

t This is analogous to optical density as measured on a spectrophotom- 
eter and corresponds to the quantity (2 — log 10 of the galvanometer 
reading)* 

t These values are obtained by dividing the photometric density by the 
amount of the gold in the test solution. 

samples of the substance to give readings in the range of 5 to 300 
y, which was the range desired in -urine. For blood, however, the 
desirable range was 3 to 30 7. The blank solution for blood which 
was diluted to 15 cc. contained 0.4 cc. of hydrochloric acid (1 : 12), 
1 cc. of potassium bifluoride, and 0.4 cc. of o-dianisidine solution; 
it gave a center setting of 76®, The K value determined for the 
range (5 to 30 7 ) was constant, averaging 0.020 (0.019 to 0 . 022 ). 
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Recovery of Gold from Urine and Blood Plasma 

The results obtained by the addition of known quantities of 
gold chloride to various volumes of urine and blood plasma are 
summarized in Table II. In the case of urine, the percentage of 
recovery varied from 94.2 to 100. The dilution of the minary 
digest overcomes any inhibitory effect of inorganic salts on the 
development of the color as found by Pollard (10). This is well 


Table II 


Recovery of Known Amounts of Gold Chloride Added to Urine and Plasma 


Material used 

Volume 

Gold added 

Colorimeter 

reading 

Gold found 


cc. 

y 


-Y 

per cent 

Urine 

10 

0 

100“ 

0 

0 

i( 

10 

20 

86“ 

19.90 

99.5 

u 

10 

50 

70° 

49.97 

99.9 

n 

10 

150 

341 

150.00 

100.0 

(t 

10 

200 

250 

194.20 

97.1 

it 

10 

250 

173 

242.26 

96.9 

li 

50 

0 

1000 

0 

0 

it 

50 

10 

932 

9.42 

94.2 

it 

50 

15 

900 

14.77 

98.5 

it 

50 

20 ' 

S6‘^ 

19.90 

99.5 

1 ( 

50 i 

25 

840 1 

24.42 

97.6 

(1 

50 1 

50 

702 1 

48.97 

97.9 

t( 

50 1 

100 ; 

490 ; 

100.00 

100.0 

Plasma 

1 1 

0 i 

lOQo 1 

0 

0 

it 

1 

3 

890 

2.53 

84.2 

i 1 

1 

5 

8P 

4.38 

87.6 

if 

1 

7 

75^ i 

6.18 j 

88.3 

it 

1 

8 

7P 

7.11 

88.9 

it 

1 

10 

631 1 

9.95 

99.5 

1 1 

1 

20 

400 ; 

20.00 1 

100.0 


illustrated by our results in which the percentage of recovery is 
approximately the same for 50 cc. of urine as in 10 cc., although 
the concentration of inorganic salts is 5 times as great in the former. 
In blood, however, the error was slightly greater, with the range 
of the percentage recovery being 84.2 to 100. The greatest error 
in the case of plasma occurs in those instances in which less than 
5 7 of gold is determined. For amounts greater than this there 
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is essentially a 90 per cent recovery. If a greater accuracy than 
90 per cent is desirable, a larger volume of plasma may be used. 

The specificity of the method in both \irine and blood is shown 
by the colorimeter reading of 100“ (Table II) secured for digests of 
both urine and plasma. This value is identical with that secm-ed 
with reagents alone. These results indicate that the intensity of 
the color secured with these materials when they contain gold is 
due entirely to the presence of the gold and cannot be attributed 
to the reaction of the dye with any other inorganic salt. This 
method has been applied to the determination of gold in animal 
tissues as well as to the stud}' of the metabolism and excretion of 
various gold compounds. 


SUMJIAET 

An accura'te and specific microcolorimetric method for the de- 
termination of gold by the use of the Evelyn photoelectric colorim- 
eter has been described. The method is based upon the produc- 
tion of a stable red color by the reaction between auric chloride 
and o-dianisidine in an acid medium in the presence of potassium 
fluoride. The method is applied to the determination of gold in 
urine in the range of 5 to 300 y, and to blood plasma in the range 
of 5 to 30 7 . 

The authors are greatly indebted to Professor Howard B. Lewis 
for his many helpful suggestions and criticisms in the preparation 
of this manuscript. 
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PHOSPHATIDES AND INORGANIC SALTS 
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Schoolj Boston) 

(Received for publication, July 23, 1940) 

To explain the presence of inorganic elements in phosphatide 
preparations, the existence of combinations between ions and 
lipids has been suggested by several groups of investigators. Thu- 
dichum (1), Koch and Pike (2), and Koch and Todd (3) believed 
combination could exist between phosphatides and alkali and 
alkaline earth ions; Peters and Man (4) presented e\ddence for 
combination between serum lipids and chloride ions; Rosenbaum 
and La^letes (5) between serum lipids and thiocyanate ions. 
The changes in conductivity and refractive index upon mixing salt 
solutions and phosphatide suspensions have been held to support 
the formation of ion-lipid combinations (6). Fabisch (7), on the 
other hand, found no e\ddence for binding of chloride in lecithin 
solutions when using Ag-AgCl electrodes. 

In the present communication, we are reporting ex'perimental 
results of two types which bear on the question of ion-phosphatide 
combination; namely, (a) measurements of chloride, sodium, and 
potassium ionic actinties in aqueous sols of lecithins and cephalins, 
and (b) electrometric titrations of phosphatides in aqueous suspen- 
sion. The latter experiments will also be examined for the infor- 
mation the}’' pro\dde on the relation between the chemical struc- 
ture oi phosphatides and their beha^do^ towards acids and bases, 
and the physiological significance of the phosphatides as buffer 
systems. 

The results of these experiments indicate that none of the ions 
studied is bound by lecithins, but that alkali metal ions are 
combined ^rith cephalins, increasing in amount with increasing pH. 
Lecithins and sphingomyelins showed no buffering over wide pH 
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ranges (approximately pH 3 to 9), while cephalins showed buffer- 
ing from pH 3 to 11. - 

EXPERIMENTAL 

Isolation of P/iosp/mifdes— Lecithins were isolated from egg yolks 
by Maltaner’s modification (8) of the method of Levene and Rolf. 
A pure white preparation with a nitrogen to phosphorus ratio of 
1.00 was obtained. No amino N was detected. From its activity 
in blood coagulation systems, the cephalin content of this prep- 
aration of lecithin was not greater than 0.1 per cent.^ 

Two different procedures were used for the separation of cerebral 
cephalins: (a) that of Levene and Rolf (9), and (6), this procedure, 
modified by precipitating the cephalins from aqueous suspension 
by dilute hydrochloric acid, according to the method of Renall (10), 
before their final precipitation from ether by acetone. The prepa- 
ration first mentioned had a phosphorus content of 4.18 per cent, 
and a N:P ratio of 0.96; the second preparation, from a different 
sample of lamb brains, had a phosphorus content of 4.21 per cent 
and a N:P ratio of 0.92. The advantage of preparations obtained 
by the second procedure was that a larger part of the inorganic 
cations was eliminated by the precipitation of the cephalins from 
water by hydrochloric acid. The Levene and Rolf preparation 
contained 1.83 per cent K and 0.80 per cent Na; the other prepara- 
tion, which we shall call Preparation 2, contained 0.29 per cent K 
and 0.18 per cent Na. 

Sphingomyelins were isolated from lamb brains and purified 
according to the method of Levene (11). 

Chloride Ion Activities — The activities of chloride ion in aqueous 
sols of lecithin and pure NaCl solutions were compared by observ- 
ing the potentials of the system 

Ag I AgCl I Cl~-containing solution | s.-iturated KCl | HgaClj | Hg | Pt 

at 38° with a type K potentiometer. The chloride-containing 
solutions were either standard solutions of known sodium chloride 
concentration, or lecithin solutions containing known quantities 
of chloride. The Ag-AgCl electrodes were used for lecithin sols 
only after they had been carefully tested for constancy and theo- 
retical behavior with respect to their potentials as a function of 
chloride concentration in standard NaCl solutions. 

> This estimation was made for us by Dr. Geoffrey Edsall. 
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Soduim Ion Actwitics—MeRsmcmenis Avere made by a flomng 
amalgam electrode similar in design to that used by Richards and 
Conan t (12), Amalgams were prepared and handled as described 
by these authors. Both the amalgam and the solution containing 
sodium ions flowed rapidh^ under nitrogen through a 3 ml. cham- 
ber during measurements. Potentials were measured at 38° \yiih 
a t\"pe K potentiometer, wdth a high resistance circuit and a 
vacuum tube amplifier in the S 3 ’'stem, 

Pt I Hg I sodium amalgam [ Na'^'-containing solution | saturated K('I agar 
4 bridge 1 saturated KCI | HgsCIj | Hg ] Pt 

The use of a potential-measuring s\"stem \vith negligible current 
drainage permitted the circuit to be closed throughout the period 
of measurement without producing polarization at the amalgam 
electrode. In this waj', the steadiness of the potential could be 
obser^^ed and an optimum rate of flow of amalgam established. 
Potentials were steadj- ^^^thin about 0.02 millivolt, reproducible 
'Within 0.2 millivolt, and the average of a series reproducible 'writhin 
0.1 millivolt. Known amounts of sodium chloride and h^^droxide 
were added to sols of lecithins or of cephalins (Preparation 2), 
and, after 42 hours, the sodium amalgam potentials Avere measured. 
The potential of each sol was measured about ten times, and that 
of each standard NaCl solution an equal number of times. These 
were interspersed among the measurements of the phosphatide 
sols. Sodium chloride solutions of reference were selected with 
concentrations which would give potentials close to those of the 
phosphatide sols. 

Memirane Equilibrium Measurements — ^Below' pH 5, the poten- 
tials of amalgam electrodes became highl 3 " unstable. Parth* to 
extend the measurements into a more acid region and parti}' to 
check our results b}' a different method, we have made membrane 
equilibrium studies of the effects of cephalins upon the acti\'itie 5 of 
the ions under consideration. The distribution of ions between 
aqueous sols of cephalins and a water phase containing no cephalins 
was studied b}' anal 3 ’’sis of the t\vo phases when equilibrium was 
established across a cellophane membrane. The Gibbs-Donnan 
distribution law^ was used to calculate the active concentrations 
of ions in the cephalin phase. 

The apparatus emplo 3 ’'ed consisted of a cellophane bag with the 
open end fastened over a short glass tube inserted through a large 
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rubber stopper (Fig. 1). This was fitted into a 3 X 15 cm. test- 
tube in such a manner that the cellophane bag and the test-tube 
formed concentric cylindrical chambers. An aqueous sol of cepha- 
lins (Preparation 2), after adjustment to the desired pH by addi- 
tion of alkali, was introduced into the inner chamber and stop- 
pered. A bubble of nitrogen was included to facilitate mixing. 
The outside chamber was filled with 0.05 N alkali chloride, and sealed 
after the inclusion of about 0.5 ml. of nitrogen. The apparatus 
was attached to a slowly rotating wheel and rotated 48 hours at room 


M 




NITROGEN 

-AQUEOUS CEPHAUN SOL 

CEllOPHANE MEMBRANE 

-AQUEOUS SODIUM CHIORIOE 


Fig. 1. Apparatus for studying distribution of alkali chloride between 
cephalin sols and water. 


temperature. Movement of the nitrogen bubbles produced effec- 
tive stirring. At the end of this period, the contents of the two 
chambers were analyzed for sodium, potassium, chloride, phos- 
phorus, and water. Water was determined by evaporation to 
constant weight, in high vacuum at room temperature in the 
case of the cephalin sols. Chloride was determined by the Vol- 
hard titration following digestion \vith nitric acid and silver 
nitrate; sodium was determined gravimetrically as sodium zinc 
uranyl acetate, and potassium as the chloroplatinate. These 
analyses were run in triplicate and checked to 0.5 per cent. 
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Total P was determined by the method of Fiske and Subbarow, 
The pH of the contents of each chamber was determined by the 
glass electrode, standard acetate buffer being used as a standard 
of reference, and its pH assumed to have the value 4.62. That 
equilibrium was established in the inter\’al used was shonm b}" 
experiments in which the final concentrations attained were found 
to be nearl}" the same whether the alkali originally had been added 
to the inside or outside chamber. 

Electrometric Titration — ^Phosphatide sols (about 0.01 m), homo- 
genized in COrfree water, were introduced into small test-tubes 
and portions of standard hydrochloric acid or carbonate-free so- 
dium hydroxide solution added, plus sufficient water to bring 


Table I 


Measuremeni of Apparent Chloride ActiviiicB in Fresh Sols of Varying 

Lecithin Content 


Sol No. 

Lecithin 

of eol 

Chloride 
concentra- 
tion by 
analysis 

Potential 

zneasnro. 

xnent 

Apparent Cl 
ion activity 
calculated 

i 

iCl^l calculated 

ITotal CIJ 



hrt. 


nr. 

kff. 

Mi 

1 


3.5 

0.0248 

99.9 

0.0244 


2 

2.4 

2.0 

0.0240 : 

100.8 

0.0235 


3 

6.6 

2.8 

0.0222 

102.8 

0.0218 


4 


2.5 

0.0271 

93.8 

0.0335 

1.24 

5 

36 ' 

3.0 

0.0279 ' 

92.4 

0.0353 

1.27 

6 

36 

2.5 

0.0510 

77.8 

0.0555 

1.09 


all samples to the same final volume. The air above the solutions 
was replaced by nitrogen, and the tubes were stoppered and 
riiaken. pH values were determined by the glass electrode. In 
some cases, measurements were made immediately; in others, 24 to 
48 hours were allowed to elapse before measurement. 

Results 

Ionic Activity Measurements — In Table I are presented a series 
of measurements of Ag-AgCl potentials in lecithin sols of varying 
lecithin concentrations. The ratio [Cli/[total Cl] was essentially 
muty in lecithin sols up to 0.66 per cent. In more concentrated 
sols (up to 3.6 per cent), the apparent Cl” activity exceeded the 














392 


Phosphatides and Inorganic Salts 


total molal concentration of chloride. A similar anomalous result 
was obtained when lecithin sols were allowed to age for several 
hours. The result of such an experiment is given in Table II. 
These results are similar to the anomalous behavior of Ag-AgCl 
electrodes in blood serum previously observed by one of us 
(A. B. H.). 

It may be concluded from these experiments, however, that in 
fresh dilute lecithin sols no combination occurred between lecithins 


Table II 

Effect of Aging in Apparent Chloride Activities in Lecithin Sols 


Sol No. 

Lecithin 

’Age of sol 

! 

Cl concen- 
tration by 
analysis 

Potential 

Apparent 
Cl ion 
activity 

(C1“I calculated 

of sol 

[Total Cl] 


cm. per kg* 
HiO 

hrs* 

mole^^ hg* 

mv. 

mole per kg. 
BtO 


1 

2.4 

2 

mmjmM 


0.0235 

0.98 

2 

2.4 

5 



0.0956 

1.00 

3 

2.4 

8 

WKImm 


0.0262 

1.09 

4 

2.4 

19 

0.0240 

99.8 

0.0247 

1.02 


Table III 


Sodiu7n Amalgam Measurements of Na* Activity in Cephalin Sols 
Concentrations are expressed as mole per kilo of HjO ; concentration of 
cephalin = 0.010 mole per kilo of HjO ; age of cephalin sol, 42 hours. 


Sol No. 

Total (Nal 

INaU 

Combined Na 

Na-cephalin 

pH 

Total cephalin 

1 


0.0221 


0.18 

4.87 

2 


0.0226 


0.37 

7.07 

3 


0.0232 

0.0055 

0.55 

9.13 


and chloride ion. Further evidence pointing to the same conclu- 
sion will be presented in connection with the titration data. 

Three experiments carried out at pH 6.40, 6.85, and 7.21 mth 
sodium amalgam electrodes showed that lecithins had no detect- 
able effect upon the sodium ion activity. In each case, the poten- 
tial of the lecithin sol fell upon the curve of concentration versus 
E.M.F. for pure NaCl solutions. With cephalin dispersions sub- 
stantial quantities of sodium were shown to be present in an 
un-ionized state by measurements \vith the sodium amalgam elec- 
trode, the quantity bound increasing with pH (Table III). 
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Ionic Distribution Measurements— In the membrane distribution 
experiments, the Gibbs-Donnan law requires that at cquililjrium 

[H+]. [Cl-].- 

where indicated concentrations denote ionic activities in the phases 
inside and outside the cellophane membrane. Assuming that Cl 
is not combined with cephalins, the [Xari inside was calculated 
from the relation 

= [total Na], X (jjj. 


Table IV 

Distribulion of Xa and Cl bclxcccn Ccphalxn Sols and Aqueous NaCl 


Concentrations are expressed in mole per kilo of H 2 O. 


Ex« 

peri- 

meat 

No, 


pH 

Deter- 
mined 
total Na 

Deter- 

mined 

(cn 

Calculated 

INaU 

Calcu- 
lated Ns- 
cephalin 

Total 

cephalin 

EB8 

Total 

cephalin 

1 

Outside 

3.05 

0.0488 

0.0522 






Inside 

3,05 

0.0555 



0.0047 

0.037 

0.13 

2 

Outside 

6.03 

0.0536 

0.0538 






Inside 

6-03 ! 




0-0136 1 

0.030 

0.45 

3 

Outside 

7.01 


0.0514 



1 

j 



Inside 

6.99 




0.0202 ; 

0.035 i 

0.58 


The sodium bound by cephalins [Na-Ceph] was estimated as the 
difference between total sodium inside and [Na“^]{. Two sets 
of experiments showing the combination between cephalin and 
sodium and potassium are given in Tables IV and V. These 
experiments indicate that, at neutrality, approximately 0.6 equiva- 
lent of base is combined per mole of cephalin. 

Titration Measurements — The electrometric titrations of lecithin, 
sphingomyelin, and cephalin preparations are represented in Figs. 2 
to 5. The cur\’es are apparent a curv’^es, constructed from the 
titration cur\’'es by correcting below pH 5 for the chloride ion con- 
centrations equivalent to the hydrogen ion concentrations, and 
above pH 9 for the sodium ion concentration equivalent to the 
hydroxjd ion concentrations. The concentrations of h^’^drogen and 
hydroxjd ions were calculated from the activity coefficients 
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given by Lewis and Randall (13) and the values of Kv, listed by 
Clark (14). 

Table V 

Disirihuiion of K and Cl between Cephalin Sols and Aqueous KCl 


Concentrations are expressed in mole per kilo of H 2 O. 


Ex- 

peri- 


pH 

Deter- 
mined 
total K 

Deter- 

mined 

ICl) 

Calcu- 

Calcu- 
lated K- 
cephalin 

Total 

K-cepha- 

lin 

znent 

No. 


lated (K+l 

cephalin 

Total 

cephalin 

1 

Outside 

Inside 

4.24 

4.24 

||H 


0.0515 

0.0099 


0.33 

2 

Outside 

Inside 

7.70 



0.0526 

0.0174 


0.63 


3 


OiO] 


0.001 


I.SPHI«COnYELINS 


Q2Q] 


OiJQl 


£ 


8 

g 0.2(1] 


2.L££iTHINS 
OpH'I READATCnCt 
AIMS BiAOArna 
IS HOURS 


_r-r 

pH 


T — 5 — r 


Fig. 2. a curves for the titration of aqueous lecithins and sphingo- 
myelins. [A“] and [A'*'] are the calculated molar concentrations of charged 
phosphatide ions. 


Titrations of lecithins and sphingomyelins showed the absence 
of any buffering action over wide ranges, in agreement with the 
assigned chemical structures and in confirmation of our conclusion 
that neither cliloride nor sodium was bound by lecithins (Fig. 2). 
Above pH 10, some cleavage of lecithins appeared to take place, 
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as indicated by an increase in buffering actmty upon standing 15 
hours. At lower pH, the solutions came quickly to equilibrium. 
The small portion of the cur\’e representing the dissociation of the 
acidic component of lecithins indicated an apparent pK in aqueous 
sols of 1.3. 

If pH determinations were made at once or a few minutes after 
alkali addition, aqueous cephalin sols showed only moderate buffer- 



Fig. 3 Fig. 4 


Fig. 3. The titration of cephalin in aqueous solution (Preparation 2). 
Curve 1, a curve, pH readings after 3 minutes; Curve 2, a curve, after 42 
hour interval; Cur^^e 3, Na bound by cephalin, [Na"^] = 0.05 m (Table IV). 
^ Fig, 4. The titration of cephalin prepared according to Levene and 

ing, comparable with that observed by Fabisch (7) for a crude 
preparation, and vdth that obser\^ed by Bull and Frampton (15) 
for cephalin-lecithin mixtures. However, the potentials decreased 
rapidly at first, then more slowly, finallj’’ reaching an apparent 
equilibrium in about 12 hours. Both preparations of cephalin 
at equilibrium showed apparent buffering between pH 3.5 and 10.5 
(Figs. 3 and 4). The buffer value AB/ApH per mole of cephalin 
was approximately 0.14 in the physiological pH range. 
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The effect of the presence of NaCl (0,05 m) on the titration 
curve of cephalin sols is shown in Fig. 5. It will be seen that the 
curve is parallel to that obtained in the absence of NaCl, but is 
displaced to the left. In Fig. 3, the position of the curve (No, 3) 
relating the amount of sodium bound bj’^ cephalins to the pH, 
compared with the titration curve of cephalins in the absence of 
NaCl, may be explained in the same manner; namely, that the 
presence of an increased concentration of Na+ favored the forma- 
tion of more Na-cephalin. 



Fig. 5. The titration of cephalin in the presence and absence of sodium 
chloride. 

Fig. C. The titration of aqueous sodium a-palmitoyl-/8-glycerophosphate. 

The buffering of cephalins was not dependent upon the base used 
to titrate them. Titration with ammonium hydroxide gave the 
same titration curve as with sodium hydroxide up to pH 7.0, 

The anionic behavior of cephalins at all pH values above 3,5 or 
4 stimulated us to compare this behavior with that of phosphatidic 
acids. Sodium a-palmitoyl-^-glycerophosphate was synthesized 
according to the method described for the stearic ester by Ar- 
nold (16). The a curve (Fig. 6) shows a distribution of buffering 
similar to that shown by cephalins and the pH has a similar sensi- 
tivity to added sodium chloride. The similarity between the 
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titration ounces of this compound and cephalins leads to the con- 
clusion that a nitrogenous base such as ethanolamine is not present 
in a titratable form in the cephalin molecule. 

DISCUSSION 

The results of investigation by several methods are in agreement 
in indicating that the onh* large effect of the three phosphatides 
upon the activities of the ions studied \\’as that of the cephalins 
upon cation activities. These results indicate that, at neutrality, 
cephalins are in combination with 0.5 to 0.6 equivalent of alkali 
per mole of cephalin. Contrar}" to the suggestion of Koch and 
Pike (2), the aflfcities of cephalins for sodium and potassium were 
found to be practically identical. The presence of greater quan- 
tities of potassium than sodium in cerebral cephalin preparations 
probabl}’’ reflects the higher concentration of potassium in the 
material from which the}' were extracted. 

The results obtained upon the titration of lysocephalins in 
aqueous solution by Levene, Rolf, and Simms (17) by the addition 
of 0.9 and 0.95 moles of alkali per mole of phosphorus correspond 
to our titration data for cephalins, suggesting that these com- 
pounds have similar titration behaviors. 

Our studies of the cephalins do not support the conception that 
these phosphatides in aqueous solution exist as zwitter ions of the 
stmcture 


Q 

Cr + 

The reasons for this conclusion are (a) that at neutrality ceph- 
alins contain over 0.5 equivalent of fixed base per mole; (b) when 
these bases have been eliminated or an equivalent amount of acid 
added, the aqueous solutions are acid. The ease with which the 
nitrogenous base is lost from cephalins during isolation (Levene and 
Komatsu (18)) is not in agreement with what is known concerning 
the stability of the phosphoric ester of aminoethanol, or of the 
diesters of phosphoric acid (Plimmer and Burch (19)). Both the 
titration beharior and the instabilit}' of cephalins suggest the 
possibility that cephalins have structures other than those at- 
tributed to them. 

Our findings indicate that cephalins, in contrast to lecithins and 
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sphingomyelins, play a r61e in tissue electrolyte distributions, being 
combined with about 0.5 equivalent of base per mole of cephalin 
at neutrality and holding this base mainly in an un-ionized form. 

SUMMAEY 

Observations on silver-silver chloride electrodes, amalgam elec- 
trodes, on distributions of ions across membranes, and on elec- 
trometric titrations indicated (a) that lecithins, cephalins, and 
sphingomyelins do not combine ■with appreciable quantities of 
chloride ion, (6) that lecithins and sphingomyelins do not combine 
detectably with sodium ions, over a wide pH range, and (c) that 
cephalin binds sodium and potassium ■with equal affinity, the 
amount increasing with pH. The titration behavior of cephalins 
was shown not to be in good agreement ■with the structure usually 
assigned, but much like that of phosphatidic acids. These findings 
establish for cephalins a possible r61e in biological electrolyte 
equilibria. 
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THE FORMATION OF A VITAMIN Bfi-BORATE COMPLEX 


Br JOHN V. SCUD I, W. A. BASTEDO, and T, J. WEBB 

{From (he Research Lahoralory of Merck and Company^ /nc., Rahxcay^ 

Nevs J CTsey) 

(Received for publication, Jxily 25, 1940) 

In the course of the development of a colorimetric method 
for the determination of \dtamin Be (1) it vras observed that 2,6- 
dichloroquinone chloroimide would condense with the vitamin in 
the presence of a variety of buffers to give the desired blue indo- 
phenol, in accordance with the reaction, 


CHjOH 



N 

CHiOH 



This reaction, however, does not occur in the presence of a 
borate buffer. Any substance which gives the indophenol reac- 
tion in the presence of this buffer is, therefore, not the vitamin. 
Tins observation is important to the specificity of the test, since 
phenols normally react with quinone chloroimides in the presence 
of bomte buffers. Further, 0.001 per cent of borate causes an 
^or in the performance of the test, and borates must thxis be 
w^dered interfering substances. For these and other reasons, 
which are discu^ed subsequently, the nature of the borate inter- 
ference was investigated. 

The polyhydrie nature of the vitamin suggested complex forma- 
on, involving the vitamin and borate ion in such manner that 
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the phenolic nature of the vitamin was masked. It was assumed 
that this combination probably involved the 3-hydroxy and 4- 
hydroxymethyl groups of the vitamin. In agreement with this 
assumption, it was observed that compounds (I) and (II) (kindly 
furnished by Dr. Harris of these laboratories) would condense 
with the chloroimide reagent in the presence of a borate buffer. 
Thus the significance of the hydrogen in the 4-hydroxymethyl 
group was established. 


CHjOCjHe 

CHj— 0 

1 

HO— CHsOH 

HO— ( ^CH 

CHa— 

CHa— 

N 

N 

(I) 

(II) 


That the phenolic hydrogen is also involved in the complex 
may be inferred from the work of Boeseken (2). * Moreover, this 
involvement was demonstrated directly by comparison of the 
ultraviolet absorption spectrum of the complex and that of the 
vitamin. 

In the paper of Stiller, Keresztesy, and Stevens, on the struc- 
ture of vitamin Be (3), it was shown that the vitamin in aqueous 
solution at values of pH 3 or less exhibits a single maximum at 
2920 A. This band is depressed and two new bands appear at 
2550 A. and 3250 A. as the pH is raised to 7.45 (Fig. 1). When 
the 3-hydroxyl hydrogen atom is substituted, as for example in 
the 3-methoxy derivative of the vitamin, the single “acid’’ band 
at 2800 A. persists with increased pH (3). Harris, Webb, and 
Folkers (4) have attributed the shifts in these bands of vitamin 
Be to structural changes involving the phenolic hydrogen and 
the basic ring nitrogen. 

It is possible to eliminate this shift in absorption by merely 
adding borate ion to solutions of the vitamin. The absorption 
of the vitamin in the presence of a borate buffer at pH 7.5 is 
shown in Fig. 2. The single band at 2920 A., normally associ- 
ated with acid rather than neutral solutions, is observed. This 
behavior would seem to indicate conclusively that the phenolic 
hydrogen is involved in the borate-vitamin Be complex. 
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In other borate complexes of the Boeseken type the acidity 
of the boric acid is markedly increased, and it was found that the 
vitamin Bg-borate complex showed a similar increase. Fig. 3 
shows the results obtained in titrations' vdih alkali of vitamin Be 
hydrochloride, boric acid, and a mixture of both substances. 



Fig. 1. Curve 1 shows the ultraviolet absorption of the vitamin in an 
aqueous solution of pH 2.1 . Curve 2 is the same at pH 7.5. £„ is the 
millimolecular extinction coefficient. 

Vitamin Be neutralizes 2 equivalents of alkali, the mid-points of 
the two stages occurring respectively at pH 4.72 and 8.96, with 
corresponding acid ionization constants of 1.9 X 10'® and 1.1 X 
10“®. The mid-point of the neutralization of the 1st equivalent 
of alkali by boric acid occurs at pH 9.4, indicating the ionization 

' The glass electrode was used in these titrations. Values above pH 9.5 
have not been corrected. 
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constant of 4 X in essential agreement with the range of 

values to be found in the literature for this substance. 

In the ease of the vitamin-borate mixture the curve shows the 
expected marked increase in acidity (Ka = 3.5 X 10~^). A 
similar increase in acidity was not observed upon titration of boric 
acid in the presence of the 3-methoxy derivative of the vitamin. 
This is additional evidence for the linkage of boron in the original 
complex through the oxygen atom in the 3 position and elimi- 



Fio. 2. Ultraviolet absorption of vitamin in a borate buffer at pH 7.5 


nates the possibility that the pair of hydroxyl groups involved is 
in the 4,5 position. 

While a simple increase in acidity does not differentiate between 
the possible structures ((III) and (IV)), further consideration 
of the titration data establishes structure (IV). 


CHjO 


,OH‘ 


=oh.o/\o>B'^oh 


V 


CHj 


(III) 


H+ 


HOHsCi 


CHjO 


OCHj 


N 


0 

CH, CH„ 


(IV) 


V 


H+ 
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The data obtained by the potentiometric titration of a mixture 
of 1.00 mole of boric acid to 1.425 moles of the vitamin hydro- 
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ml.. No OH 0.4 0.6 1.2 1.6 2.0 2.4 

Fig. 4. Potentiometric titration (Curve 1) of 1.00 of boric acid and 
1.425 mM of vitamin Be hydrochloride. Curve 2 is a differential curve 
(ordinate to the right). 

corresponds exactly to one-half of the vitamin.^ This relation- 
ship indicates that 2 molecules of the vitamin have combined 

- The small secondary peak shown in the differential curve corresponds 
to the binding of the 2nd equivalent of alkali by vitamin Bo hydrochloride. 


per ml. NaOH 
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with 1 molecule of boric acid (present here in excess) to give the 
more strongly acidic complex. Table I shows the result of %’'ary- 
ing the boric acid-\’itnmin ratio in these titrations. The ‘^cal- 
culated millimoles of complex'' are calculated on the basis of 2 
molecules of vitamin to 1 molecule of boric acid. They are in 
good agreement with the number of equivalents found. 

Since it has been shown that the ^’itamin-borate complex in- 
volves 2 molecules of the \dtamin to 1 molecule of boric acid, 
and since the boron atom has been showm, b^" various means, 
to be linked through the oxygen atoms in the 3 and 4 positions of 
the vitamin, structure (IV) is assigned to the complex. 

This study is of interest in connection with the parenteral 
administration of the \dtamin. When neutral (pH 7.0 to 7.5) 
10 per cent solutions of the vitamin are autoclaved at 20 poxmds 


Table I 

Efecl of Varying Boric Add-Vitamin Ratio 


Vitamin 

hydrochloride 

Boric acid 

Calculated mil of 
complex 

Alkali used 

riif 

mlf 


millxequizalen ts 

0.496 

1.00 


0.24 

1.00 

1.00 

0.50 

0.47 

1.42 

1.00 

0.71 

0.6S 

2.00 

1.00 

1.00 

0.98 

2.50 

1.00 

1.00 

0.99 


pressure for 20 minutes, the solutions become yellow in color and 
precipitation of a condensation product (4) occurs. From struc- 
tural considerations, it was conceivable that formation of the 
borate complex might prevent this reaction. Similar solutions 
at the same pH, containing 0.5 mole of borate, remained color- 
less upon autoclaving, and precipitation of the condensation 
product did not occur. 

Dr. Harris kindly furnished us with purified samples of the 
condensation product. These were shown to possess consider- 
ably less activity than an equal weight of vitamin Be, as shown by 
the curative assay with vitamin Bs-deficient rats, reported by 
Unna (5). In additional assays, also performed through the 
courtly of Dr. Klaus Unna of the Merck Institute, the borate- 
containing solutions, after autoclaving, retained their full activity 
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in the cure of vitamin Bo-deficient rats. It may, therefore, be 
inferred that the vitamin Be-borate complex is thermostable, but 
is completely broken down in the animal organism to liberate the 
unchanged vitamin. 


SUMMARY 

Vitamin Bo has been shown to undergo complex formation 
with boric acid. Boric acid, with a coordination munber of 4, 
is linked to 2 molecules of the vitamin through the oxygen atoms 
in the 3 and 4 positions. This complex has the physiological 
activity of vitamin Bo, and is thermostable in neutral solution. 
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CHEMISTRY OF THE CHICK EMBRYO 
I. THE DIPEPTIDASE OF CHICK EMBRYO EXTRACTS* 

Bt albert H. palmer and MILTON LE\"Y 

(From Ihc Department of Chemistnj, jVetr York University College of Medicine, 

Nevo York) 

(Received for publication, July 24, 1940) 

The presence of dipeptidase in the tissues of the early chick 
embrj'o has been noted (1). As a part of an investigation of en- 
zymes in relation to embryonic growth, we have foimd it neces- 
sary’’ to devote some attention to the properties of alanylglycine 
dipeptidase. 

Subsequent work will involve the use of the micromethods de- 
veloped by Linderstrpm-Lang and Holter (2). For the sake of 
uniformity, the same methods have been employed in the present 
investigation. Except where otherv\dse stated, the substrate used 
was dZ-alanylglycine. 

Preparation of Enzyme Extracts — Eggs of Rhode Island Red 
hens, laid in trap nests, were used throughout and were received 
within 48 hours of laying time. The eggs were incubated in a 
commercial incubator for 72 hours at an average temperature of 
39.4° and humidity of 50 to 60 per cent. 

A circular section of the egg-shell was cut away by means of a 
dental separating disk. This can be accomplished without dis- 
turbing the shell membrane. The membrane was then cut and 
the section removed, exposing the embryo. The embry’o, to- 
gether with its extraembryonic vascular system, was separated 
from the remaining yolk membrane by means of an incision which 
followed the marginal vein. The incised section was lifted from 
the yolk by means of forceps and dropped into 0.9 per cent saline. 
The embryo was stripped of its membranes and extraembryonic 

* Aided by a grant from the National Research Council. 

Presented before the American Society of Biological Chemists at Balti- 
more {Ptoc. Am, Soc, Biol, Chem,, J, Biol. Chem., 123, p. xc (1938)). 
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vascular system while submerged in saline. We have found the 
surgical instruments of ophthalmology to be well adapted to this 
type of dissection. 'The embryo was washed with saline, freed of 
adhering moisture, ground with fine acid-washed and ignited sand, 
and mixed with a measured volume of 30 per cent glycerol. After 
2 hours at room temperature, the extraction was continued in the 
cold room at 5° for 18 to 20 hours. The mixture was shaken at 
intervals during the extraction. Determination of enz3rine ac- 
tivity immediately followed. When necessary, extracts were di- 
luted with 30 per cent glycerol and filtered through cotton im- 
mediately before use. We have found that this procedure yields 
reproducible results and we have used it exclusively. It is nec- 
essary to adopt some standard method of preparation because of 
the instability of the enzyme. 

Determination of Enzyme Activity — 7.03 c.mm. of 0.2 n dir 
alanylglycine in 0.07 n NaOH (final pH 7.8), or other solvent to 
give the desired substrate pH, was pipetted into 8.5 c.mm. of 
enzyme extract and mixed in microreaction tubes by means of the 
magnetic stirring device described by Linderstrpm-Lang and Hol- 
ter (2) . The resulting mixture was 0.0905 n with respect to alanyl- 
glycine. The tubes were capped and placed in the thermostat 
at 40° for appropriate intervals. The hydrolysis was stopped by 
the addition of alcoholic HCl. The extent of hydrolysis was de- 
termined by means of the acetone titration method of Linderstrpm- 
Lang (2). In order to make blank determinations at zero time, 
alcoholic HCl was mixed with aliquots of the enzyme extract be- 
fore the addition of the substrate. Individual experimental esti- 
mations were carried out in triplicate. 

Optimum pH — We found that the pH of optimum activity was 
7.8 at 40° and in phosphate buffers. It has been reported that 
phosphate inhibits the hydrolysis of leucylglycine by malt dipep- 
tidase (3). Phosphate has no inhibitory action on the hydrolysis 
of alanylglycine by chick embryo dipeptidase. 

Kinetics of the Reaction — Within the limits of 20 to 80 per cent 
hydrolysis the reaction follows the first order equation, h — \/t 
log a/ (a — z), where a is the c.mm. of 0.044 n HCl used by com- 
plete hydrolysis and z is the actual hydrolysis at time, t, in minutes; 
fc is the first order constant for logs to the base 10. This relation- 
ship applies at 30° and 40° and with such substrates as 0.0905 
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N (f^-alanylglj'cine and 0.01132 n Z(+)-alan 3 'lglycine. Tj'pical 
data are presented in Fig. 1 where the time of hj'drolysis is plotted 
against log (a — x). The straight lines obtained have slopes 
equal to — fc and intercepts equal to log a. 



Fig. 1. Log (a — x) is given in terms of c.mm. of 0.044 k alcoholic HCI, 
Lines 1, 2, and 5 were obtained \^^th 0.0905 x df-alanylglycine at 40°. Lines 
3 and 4 were obtained with the same substrate at 30°; Line 6, with 0.01132 n 
Z(- h)-alanylglycine at 30°. 


Table I 

Relation between Substrate Concentration and Velocity Constant 
Temperature 40°; substrate Z(-f)-alanyl glycine at pH 7.8. The same 
enzyme extract was used throughout. 


Substrate No. 

Concentration of 
' /(+)-aianj'lgIycfne 

1 First order velocity, 

! kXlO* 

Velocity, g-tnm. 

1 0.W4 rr aJcoholic HCI 
per 100 min. 

1 1 

JT 

0.0905 

5.8 

3.98 

2 1 

0.0453 1 

12.9 

3.98 

S i 

0.0226 ' 

28.0 

3.83 

4 

0.01132 

58.5 

3.00 


It is possible that the entire course of the reaction could be 
described by means of the first order equation. However, the 
technical limits of accuracy of the micromethods confine our ob- 
servations within the above limits. 

A study of the relation between substrate concentration and 
enzyme activity revealed that the numerical value of the first order 
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velocity constant was dependent upon the substrate concentration, 
while the absolute velocity was nearly constant over a considerable 
range. Results are given in Table I. This indicates that we are 
not dealing with a true unimolecular reaction but with the type 
discussed by Haldane (4). 

A few experiments, in which known amounts of glycine or 
Z(4-)-alanine were added to the reaction mixture, indicate that 
the products of hydrolysis strongly inhibit the reaction. This is 
also in conformity with Haldane’s suggestion. Results are in- 
cluded in Table II. 

Influence of d{—)-Alanylglycine — This isomer is not hydrolyzed 
by the enzyme. At least there is no indication of hydrolysis over 

Table II 

Inhibition Due to Reaction Products and to d(—)-Alanylglycine 

Temperature 40®; pH 7.8. The same enzyme extract was used through- 
out. 


Substrate 

No. 

Concentration of substrate and inhibitors 

Velocity constant, 
XIO* 

Per cent 
inhibition 

Alany^gly- 

cine 

d(-)“ 

Alanylgly- 

cine 

Alanine 

Glycine 


If 

If 

If 

If 



1 

0.0453 




78 


2 





No hydrolysis 


3 

0.0453 




45 

42 

4 

0.0453 


0.0453 


57 

27 

5 




0.0453 

55 

29 


a period of time sufficient to insure complete hydrolysis of the 
natural isomer. This differs from the findings of Bergmann et al. 
(5) with yeast and intestinal extracts. 

The d(— ) isomer does strongly inhibit the reaction. Experi- 
mental results are given in Table II. A comparison of the velocity 
constants obtained with Substrates 1 and 3 shows that the presence 
of an equimolecular concentration of d(— )-alanylglycine resulted 
in a 40 per cent inhibition. In terms of the Michaelis theory, 
this would indicate that the association constants for the forma- 
tion of the two complexes, enzyme -f d(— )-alanylglycine and 
enzyme -h Z(-h)-alanylglycine, are of the same order of magnitude. 
This observation may be of significance in connection with Berg- 
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mannas (5) theory of specificity in that it indicates that the ability 
of the enzyme to combine with the substrate is not the sole con- 
trolling factor in determining the possibility of hydrolysis of stereo- 
isomers. 

Relation hciween Enzyme Concentration and First Order Velocity 
Constant — In general the velocity constant of a homogeneous cata- 
lytic reaction is expected to be proportional to the concentration 
of catalyst. In the present case this relationship does not hold. 
To test the relationship, we used varying volumes of stock extracts 


Table III 

Relation between Aclivili/ and Enzyme Concentration Expressed in Terms of 
Equation Log k — I S Log V 


Extract No, 

Substrate 

Temperature 
of experiment 

S 





I 

1 0.0905 N dZ-alaiiyl glycine 


1 1.46 

2 

Same 


' 1.47 

3 

ft 

40 

1.31 

4 

Cl 

40 

1.33 

5 

(I 

40 

1.30 

6 

ft 

40 

1.36 

7 

ft 

40 

1.41 

8 

ft 

40 

1.42 

9 

ft 

40 

1.35 

10 

ff 

40 

1.37 

11 

ft 

30 

1.30 

12 

Cf 

30 

1.32 

13 

0.01132 N I (+) -alanylglycine 

30 

1.34 

Average slone at 40® 

1.38 





m constant total volumes of reaction mixtures. When the loga- 
nthms of the first order velocity constants were plotted against 
the logarithms of the volumes of extracts used, a straight line was 
obtained. The intercepts of these lines varied from one stock 
extract to another, but the slopes were the same within the ex- 
pected error. In experiments with thirteen independent extracts, 
and with several independent preparations of alanylglycine, the 
average slope was found to be 1.38 with extremes of 1.30 to 1.47. 
The data are given in Table III. 
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This type of relationship is expressed by the equation log 
A; = 7 + ^ log F, when k is the first order velocity constant, 
V the c.mm. of stock extract used, and 7 is the intercept, 7 is equal 
to log k when 1 c.mm. of stock extract is used. The significance 
residing in the slope, S, is obscure. It may be due to some type 
of dissociation of the enzyme into inactive components. It is not 
due to the presence of the d(— ) isomer, for the same slope was 
obtained when Z(+)-aIanylgIycine was the substrate. (See Ex- 
tract 13, Table III.) It is unlilcely that it is due to inactivation 




Fig. 2. Linear relationship between log U and log A where U is the 
number of units and A the activity per sample as defined in the te.vt. The 
line is calculated. The points were obtained in ten different dilution 
experiments. 

Fig. 3. Relationship between activity A and amount of enzyme U. 
The line is calculated. The points were obtained from ten dilution ex- 
periments. 

during hydrolysis, for a 10° change in temperature has little, if 
any, effect, as shown by Extracts 11 and 12 in Table III. 

Definition of Enzyme Unit — No completely rational unit of en- 
i^yme concentration may be defined, since chick embryo dipepti- 
dase has not yet been obtained in pure form. Our purpose will 
be as well served by a system of arbitrary units, as long as such a 
system is consistent with the relationship described in the pre- 
vious section. 

For convenience we multiply the first order velocity constant', 
k, calculated in minutes and common logarithms, by 10^ to obtain 
the activity A. Our standard stock solution gives a first order 
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velocity constant of 0.03. We then define a unit of enzyme as 
1/300 of the amount present in 8.5 c.mm. of this standard solution. 
All other activities may be converted to units by use of the equa- 
tion, log A = —0.94: + 1.38 log U in which U is the number of 
units of enz>Tne corresponding to A, 

In Figs. 2 and 3 all the experimental points at 40"^ summarized 
in Table III have been converted to this basis so that the uni- 
formity of results may be shovTi. 

Fig. 2 demonstrates the validity of the slope of 1.38 and Fig. 3 
shows the direct relation between actmtj’' and number of units. 
A first order velocity constant of 0.03 is near the upper limit at 
which measurements of reaction velocity can be made with any 
confidence of accuracy by our methods. 

To recapitulate, the definition of the unit is 1 /300 of that amount 
of enzyme which at 40®, in 15.53 c.mm. of solution at pH 7,8 con- 
taining 0.0905 N d?-alanylglycine and 16.4 per cent glycerol by 
volume, will give a first order velocity constant of 0.03, with com- 
mon logarithms and time in minutes. 

STOTMARY 

The hydrolysis of Z(+)-alanlyglycine by chick embryo dipep- 
tidase follows the first order reaction equation within the limits of 
20 to 80 per cent hydrolysis. 

The relationship between enzyme concentration and the uni- 
molecular velocity constant is described by the equation log k = 
I + Slog y. 

d(— )-Alanylglycine strongly inhibits the reaction but is not hy- 
drolyzed by the enzyme and has no influence upon the kinetic 
t 3 q)e of the reaction. 

The reaction is inhibited by the products of hydrolysis. 
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The mnRc; of information collected and correlated by Needham 
in his monograph (7) demonstrates the importance of and interest 
in chemical embryology, the complexity of the subject, and, 
in many respects, the incomplete and unsatisfactoiy character 
of the available data. The material presented in this paper 
covers the accumulation of weight, nitrogen, and dipeptidase 
by the chick embryo in the course of its development from 1.5 to 
18 days incubation. While weight and nitrogen data, from 4 to 
20 days incubation are found in several publications, few data be- 
fore the 4th day are given and there are no quantitative estima- 
tions of the en 23 rme at any time. 

Materials and Methods 

The source of eggs, incubation practice, and method used for 
isolating the embryos have been described (8). The smaller em- 
bryos could not be lifted from the yolk by forceps, but when the 
cut area was touched with a bit of filter paper, they would adhere 
to the paper. They were then released by shaking in saline. 
After the extraembryonic membranes and the allantois, when pres- 
ent, were removed, the embryo was transferred to a smooth metal 
section lifter. Adhering saline was removed with pointed bits of 
slightly moist filter paper. The moisture tended to prevent stick- 
ing of the small embryos. The embryo was then picked up on an 
arrow-pointed needle and transferred to a suitable tared vessel for 
weighing. The vessel used depended on the size of the embryo 
and the use for which it was intended. The largest embryos w’ere 
dried by rolling on filter paper. This resulted in the loss of some 
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feathers, but the amount was unimportant. Embryos up to 10 
mg. were weighed on a microbalance. Larger ones were weighed 
on an ordinary analytical balance. All weights are recorded in mg. 

The method used for nitrogen estimation varied according to the 
size of the embryo. Larger embryos were transferred from weigh- 
ing bottles or stoppered test-tubes to Kjeldahl flasks and digested 
with Se and Cu catalysts according to standard techniques. If 
necessary, the digest was diluted and an aliquot taken for distilla- 
tion. Smaller embryos were weighed in stoppered test-tubes and 
transferred to 25 X 200 mm. tubes for estimation of the nitrogen 
by the micromethod previously described (4). The smallest em- 
bryos were weighed directly in 13 X 100 mm. test-tubes and the 
nitrogen was estimated by the decimicromethod (4). 

Alanylglycine dipeptidase was estimated in the arbitrary units 
previously described (8) . The embryos up to 2 gm. in weight were 
ground by use of sand and a glass rod in the vessels in which they 
were weighed, a suitable volume of 30 per cent glycerol was added, 
and extraction carried out as described. Larger embryos were 
transferred to a mortar, cut up with scissors, ground with sand, 
and extracted with glycerol. In any case the extract was finally 
diluted so that the activity per sample (8.5 c.mm.) was suitable 
for a 15 to 30 minute hydrolysis. Hydrolyses were run in tripli- 
cate and blanks in duplicate. From the number of units per 
sample the total dipeptidase per embryo was calculated by divid- 
ing by the volume of the sample in c.mm. and multiplying by the 
total volume of extract (weight of embryo in mg. -J- volume of 
30 per cent glycerol used in c.mm.). 

EXPERIMENTAL 

The results of the measurements are given in Table I along 
with the number of individual embryos used at each age. There is 
considerable variability in the individuals of a given batch of eggs 
and period of incubation. This is due to a number of factors, such 
as variable extent of “body heating” in the hen, position in the 
incubator, and to “biological” variation, A sufficient number of 
embryos has been used at each age to establish the trend of the 
data and to stabilize the averages. Each age includes embryos 
from several different batches of eggs and the data were not ob- 
tained seriatim. 
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Table I 


Accutnvlaiion of Weight, Nitrogen, and Dipeptidase in Rhode Island Red 

Chick Embryos 


Ago 

Wdght 

Total N* 

Nt 

Dipeptidase 

Dipepti- 

oaset 

dayt 

mg. 

tny. 

p^c^nt 

wiu X t0~* 

per 

1.5 

0.72 

0.0083(18) 

1.27 

1.26(8) 

1450 

1.75 

1,39 



1.90(8) 

1500 

1.85 

1.45 

0.0191(9) 

1.32 



2.02 

2.99 

0.0277(18) 

1.12 

3.58(15) 

995 

2.21 

4.65 

0.0430(10) 

0.92 



2.52 

10.40 

0.077(12) 

0.86 

10.57(8) 

910 

2.71 

12.8 

0.102(10) 

0.82 



2.83 

15.3 

0.119(10) 

0.78 



3.00 

20.0 

0.148(28) 

0.79 

16.0(21) 

765 

3.37 

43.6 

0.312(18) 

0.72 



3.50 

57.4 



47(8) 

865 

3.75 

78.0 

0.53(15) 

0.68 



4.04 

118 

0.83(9) 

0.68 

80(8) 

710 

4.40 

150 

1.03(12) 

0.69 



4.50 

181 



129(8) 

700 

4.83 

217 

1.33(17) 

0.61 

155(8) 

680 

5.50 

349 



247(8) 

710 

6.00 

502 

3.19(26) 

0.63 

362(9) 

720 

7.00 

928 

6.13(11) 

0.64 

660(8) 

730 

8.00 

1,472 

10.7(10) 

0.73 

960(16) 

660 

8.50 

1,814 



1,450(8) 

800 

9.00 

2,170 

16.6(11) 

0.74 

1,450(15) 

695 

10.00 

3,170 

26.8(10) 

0.79 

2,670(10) 

890 

11.00 

4,180 

34.7(10) 

0.85 

3,780(9) 

880 

12.00 

6,110 

56.8(12) 

0.95 

6,117(9) 

975 

13.00 

7,960 

91.9(8) 

1.13 

8,440(9) 

1090 

14.00 

10,320 

162(20) 

1.49 

13,700(8) 

1300 

15.00 

12,900 

228(23) 

1.71 

18,500(9) 

1490 

16.00 

16,100 

341(10) 

1.99 

22,150(8) 

1510 

17.00 

19,100 

405(11) 

2.13 

19,500(15) 

1020 

18.00 

21,900 

425(10) 

1.94 

17,600(8) 

820 


* The parenthetical figures indicate the number of individual embryos 
used in obtaining each average. The number of embryos used for the 
average weight is the sum of these figures, in the third and fifth columns. 

t The figures in these columns were obtained by averaging the figures 
for individual embryos rather than by dividing the averages for N or 
dipeptidase by the average weight. 
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In Fig. 1 the data are plotted with the ordinates that Murray 
(5) used for his weight data; i.e., log Q against log A, where Q is 
used to designate whatever quantity is measured and A is the age 
in days. This type of plot may be called an accumulation dia- 
gram. Each set of data is dissected into a series of straight lines 
indicating that d log Q/d log A for the period covered by each line 
is constant. Each line is a section of a line described by log 
Q = tg 4- og log A, where iq is the extrapolated intercept at log 



Fig. 1. Log Q (wet weight, IF, in mg., nitrogen in mg., and units of di- 
peptidase, U, per embryo) plotted against log^l, the logarithm of the age in 
days. The units of dipeptidasc have been multiplied by 10~‘ for con- 
venience in plotting. 


.4 = 0 (1 day) and Uq is the accumulation coefficient. Each of 
the straight line sections will be called a phase and identified by 
the symbol P with superscript and subscript indicating the be- 
ginning and end of the phase. Thus indicates a phase be- 
ginning at 2.5 days and ending at 4.5 days. The region of juncture 
of two phases will be called an interphase. In Table II are col- 
lected the phase data. The values of i and a were obtained from 
large scale plots. For comparison there are included values of o 
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and t obtained by similar treatment from data found in the litera- 
ture. The agreement is, in general, good and emphasizes the 
reality of the phases. Interphases varj’ between the various sets 
by approximately 0.5 day where they are comparable. In the 

Table 11 
Phases of Growth 


Wei gill 


Phase 

p(1.5}* 

p4.5 

^20 

Intercept or slope 


°Tr 



From Fig. 1 

-1.24 

5.5 

-0.17 

3.61 

J^Iurray(5) 


! 

-0.19 

3.62 

Penquite(9) i 



-0.24 

3.62 

Schmalhausen 





(10)t 

-1.2 

5.1 

-0.17 

3.61 

Byerly(2n 

-0.78 

4.6 

-0.15 

3.62 


Nitrogen 


Phase 



mm 

plO.5 

M5 

pl5 

-^(20) 

Intercept or slope 

'N 

“N 

, 

ON 

^'N 

ON 


m 

*N 

ON 

From Fig. 1 

-3 

4.6 

-3.3 

5.3 

-2.7 


-5.0 

6.2 


1.0 

Murray (6) 





-2.3 


-4.8 

6.0 

-0.21 

2.3 

Penquite(9) 





-3.3 


-6.0 

7.1 

0.63 

1.6 


Dipeptidase 


Phase 


p4.5 

■^10.5 

plO.5 

^15 

pl5 

^(20) 

Intercept or slope j 

'D 1 

on 

1 

op 




on 

From Fig. 1 

2.2 

4.4 

2.55 ' 


1.0 


9.3 

-1.6 


* (1.5) indicates the lowest age studied. The interphasc ages arc ap- 
proximate. 

t Both Schmalhausen’s(lO) and Bycrl 3 '’s( 2 ) data for consist of 
very few points. The values of a and t are therefore rough approximations. 


earlier phases where 0.5 day is a long biological period, comparable 
data are not available. 

Fig. 2 shows the changes in nitrogen and dipeptidase concentra- 
tion on a wet weight base during the course of development. The 
general courses of the curves justify the various phases we have 
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shown in the accumulation data. Thus comparison of and 
during shows that the per cent N should be falling rapidly, 

more slowly in the region of the first interphase, and should be 
nearly constant in P 4.6 with a slow rise in Pith, and a rapid rise 
during Pj;®’® followed by a fall in Pa^ 

Similar phases can be deduced for dipeptidase. Fig. 1 shows 
two phases for weight. Accordingly if there was but one phase 
of dipeptidase accumulation, only two general trends in Fig. 2 
should be found. Examination of the curve shows at least four 
such trends. The drawing of the accumulation diagram in Fig. 1 
took this into account. An interphase at 2.5 may be present, but 
is not clear in our data. An interphase near 4.6 is probably pres- 
ent. Interphases at 10.5 and 15 days are clearly present. 


70 


1.0 


o. 

Fig. 2. Curve U, units of dipeptidase per 0.01 mg. of embryo. Curve N, 
per cent nitrogen. Age is given in days. 

DISCUSSION 

Growth is defined as the natural increase of a living organism. 
This increase may be in weight, nitrogen, complexity of form, or 
fimction of any other entity upon which we may focus our atten- 
tion. We may use the terms weight growth, nitrogen growth, 
morphological growth, etc., to distinguish the category of growth 
discussed. 

Growth rates should be defined in terms of the calculus; z.e., 
for any growing quantity Q, the growth rate is dQ/dA at the time 
A. A plot of Q against A will have a slope at any value of A 
equal to the growth rate. Dividing the growth rate by Q gives 

‘The parentheses indicate that 1.5 is not an established interphase but 
the age of the youngest embryos studied. 
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a measure of the multiplication of the organism and we will call 
it the multiplication rate. It has also been called the relative 
growth rate or, in terms of per cent, the percentage growth rate. 
It is equal to (1/Q) {dQ/dA) or d In Q/dA and can be obtained 
from the slope of the curve when In Q is plotted against A, This 
is the curv^e which Brody (1) maintains is made up of a series of 
straight lines and which he therefore divides into phases charac- 
terized b}’' constant multiplication rates. We have not found the 
fitting of straight lines to these plots to be satisfactory because, 
to an undesirable degree, the lines obtained are subjectively deter- 
mined. In addition, the phases are shorter than on the accumula- 
tion diagram. 

When the multiplication rate is multiplied by the age, we obtain 

t21nQ_dflnQ_d log Q 
^ ~dA~ “ dhi^A dlogA 

which we have called the accumulation coefficient and which is 
the slope on an accumulation diagram such as Fig. 1. 

In a sense the accumulation coefficient is a multiplication rate 
on a new time scale; namely, a logarithmic one. The logarithmic 
scale has certain of the properties of 'T^iological time” as related 
to ordinary time. Thus a unit of ordinary time as measured by a 
pendulum is independent of the history of the object whose changes 
in time we are measuring. In contrast equal units of ‘biological” 
and logarithmic time scales, as measured by a pendulum, contain 
many more swings of the pendulum far from the origin (0 for 
pendulum time, — co for logarithmic time) than they do near it 
and their lengths in pendulum swings therefore depend on the 
history of the object. 

We have defined growth phases as periods during which the 
accumulation coefficient is constant. Some suggestion of the de- 
termining factors in various growth phases can be made. Thus 
the interphase at 4.5 days very nearly coincides with the time of 
maximum relative weight of brain compared to body. The weight 
accumulation prior to this interphase is largely influenced by brain 
weight; afterwards body growth is the important factor. The large 
proportion of cephalic fluid in the brain accoimts for the decreas- 
ing per cent of nitrogen of the whole body during the first phase 
of weight accumulation and the relative diyness of muscular tissue 
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accounts for the increasing per cent of N in the last part of Fig. 2. 
Interpretation of the nitrogen and dipeptidase phases requires 
more detailed analysis, but we believe that each phase represents 
the emergence to predominance of the growth of some group of 
organs. Emergence to predominance should not be taken to mean 
that growth of the particular group of organs is confined to a 
single phase. The accumulation of weight in the head of the 
chick embryo certainly continues after 4.5 days, but its contribu- 
tion is overshadowed by the contribution of body growth to the 
weight. 

It is interesting to note that the same interphases appear in the 
several accumulation diagrams. Thus 4.5 days represent an inter- 
phase in weight, nitrogen, and dipeptidase, 10.5 days in nitrogen, 
dipeptidase, dry weight, and ash (Penquite’s (9) and Murray’s (6) 
data). The interphase at 15 days is present in all of these also. 

Huxley (3) has studied relative growth of various parts of or- 
ganisms by means of a heterogonic growth equation, which in 
logarithmic form may be written log Q = log b k log Q', where 
Q and Q' are measurements on two different parts, such as body 
weight and chela weight in the fiddler crab, A; is a relative growth 
coefficient, and log b is an intercept constant. Phases may 
appear in plots of log Q and log Q', as indicated by abrupt changes 
in the slopes of the lines. Thus for the relationship mentioned 
an abrupt change at 1.1 gm. of total weight occurs. Our phase 
equation is consistent with this type of relationship. Thus, by 
combining equations for N and weight in the same period, we 
obtain 



Phases of heterogonic growth will appear whenever and Ufy 
change their ratio. 


SUMMARY 

The accumulation of weight, nitrogen, and dipeptidase in Rhode 
Island Red chick embryos has been measured from 1.5 to 18 days 
of incubation. 

The accumulation of any of these quantities can be divided 
into phases of constant accumulation coefficient, d In Q/d In A. 
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The times of division between phases often appear on more than 
one of the accumulation diagrams. The interphase ages probably 
indicate changes in the predominance of factors determining ac- 
cumulation. 
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Keilin and Mann (1) have reported that the red blood cell 
enzyme carbomc anhydrase contains 0.31 to 0.34 per cent of zinc, 
and that aU of the zinc ivdthin the red blood cell is found in this 
enz}Tne. If it could be demonstrated that the presence of zinc 
is essential to the activitj^ of the enzjnne, it would mean that the 
first direct, isolated, physiological function of zinc has been foimd. 
For several years studies have been conducted in this laboratory 
on the physiology of the zinc-deficient rat. Marked decreases 
have been observed in pancreatic trypsin and amylase (2) and in 
intestinal phosphatases (3). Bone phosphatases showed no sig- 
nificant changes. These observations pointed to a disruption in 
digestive and absorptive processes in the gastrointestinal tract, 
and were interpreted as secondary eflfects of the deficiency (2). 
However, they did explain the decreased rate of absorption and 
disturbances in nitrogen metabolism previously noted (4). 

In this paper we wish to report our results on the purification 
of carbonic anhydrase and the determination of carbonic anhy- 
drase in the zinc-deficient animal. 

EXPEKIMENTAL 

Method for Deierminalion of Carbonic Anhydrase — ^The two com- 
partment “boat” technique of Meldrum and Houghton (5) has 
been used with some changes. The boat consisted of a 25 cc. 
Erlemneyer flask with a vredge melted across the bottom. 1 cc. 

Published with the approval of the Director of the Wisconsin Agricul- 
tural Experiment Station. 

Supported in part by a grant from the Wisconsin Alumni Research 
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of 0.2 M sodium bicarbonate in 0.02 n KOH was placed in one 
compartment, 0.1 cc. of the enzyme solution and 1 cc. of phos- 
phate buffer, pH 6.8, were placed in the other compartment of the 
'boat. The determinations were run at 0°. The boat was con- 
nected to the water manometer, and after temperature equilib- 
rium had been reached the reaction was started by rapid shaking 



Fig. 1. Carbonic anhydrase standard curve at 0°. 1 unit is equivalent 

to 0.15 7 of purest enzyme ])rep:xrHtion. 


with an electric motor. The rate of this shaking was standardized 
at four back and forth swings through a 90° angle per second. 
Readings on the manometer were taken at 5 second intervals. 
The activity of the enzyme was expressed in terms of arbitrary 
units based on the maximum slopes of the COj output curves. 
The standard curve, in terms of these arbitrary units, is shown 
in Fig. 1. 
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Method for Dclcrviination of Zinc— A dithizone colorimetric 
method has been used for the determination of zinc. A sample 
containing between 1 and 5 7 of zinc is drj'-ashcd, taken up in 
1 cc. of 5 N HCl, and washed into a small separatory funnel with 
9 cc. of water. This is shaken with 2 cc. portions of a purified 
dithizone solution (2.5 mg. per cent in CCb)- A quantitative 
separation of the copper from zinc is thus effected. The CCU 
phase containing the Cu, and other metals such as Ag and Hg if 
present, is discarded. The water phase in the separator^' funnel 
is brought to pH 3.5 with 1.5 cc. of 5 X ammonium acetate. Vio- 
lent shaking with 2 cc. portions of the dithizone solution now re- 
sults in the complete extraction of zinc ions. The CCh phasas 
containing the red zinc dithizonatc are run into a 25 cc. volumetric 


Table I 

Standards for Zinc Determination 



Galvanometer ] 
reading 

h (density) ! 

Katio, 

Blank 

Set at 100 

® i 

imiiiiii 

1 7 zinc 

78» ! 

0.104 1 


2 xt *c 

62* 

0.204 


3 “ “ 

50® 

0.301 

9.96 

5 " “ 

32* 

0.488 


1 “ 4- 10 7 Pb + 10 7 Cu 

80' 

0.097 



flask* This has no^Y effected a complete separation of the zinc 
from lead ions, the latter being untouched by dithizone at this pH. 
After appropriate washings, the excess dithizone in the volumetric 
flask is removed with dilute ammonia (0.1 per cent of a concen- 
trated solution, distilled). The red zinc dithizonate is brought to 
volume with pure CCU and read on the Evelyn colorimeter, Filter 
520. A blank and standard are run with every determination. 
The results on pure zinc solution carried through the above pro- 
cedure are shown in Table L 

Purification of Carbonic Anhydrase — Defibrinated beef blood ob- 
tained from a slaughter-house has been used as the source material. 
The cells were centrifuged down, thoroughly washed with 0.9 per 
cent saline, and lysed with an equal volume of 35 per cent alcohol. 
The hemoglobin was denatured by shaking vnth a 0.2 volume of 
distilled chloroform for 10 minutes, allowing to stand overnight 
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in the cold, and filtering on a Buchner funnel. The resulting 
solution had a clear, light amber color. 

A preliminary acetone fractionation on this material was carried 
out. All operations were conducted in a cold room. The acetone 
and all other volatile reagents used in this work were redistilled 
from glass. In the first fractionation the crude chloroform prep- 
aration was treated with 1, 1.5, 2, 2.5, and 3 volumes of chilled 
acetone, in series. Fraction II (1.5 volumes of acetone) was found 
to have the highest specific activity (shown in Table II). A 
second acetone fractionation of Fraction II gave a somewhat in- 
creased specific activity (Fraction II-B of Table II). The zinc 
content of this second fraction was 0.171 per cent of the dry 
matter. 


Table II 


Purification of Carbonic Anhydrase by Acetone Fractionation 



Zn in dry 
matter 

SpeciHo 

activity 

Yield of 
enzyme 

Ratio, 
per cent Zn 


(dry basis) 

specific activity 

Lysed red blood cells 

per cent 

n.nn5 

lintte per 
fng> 

63 

per cent 

100 

78 X 10“® 

CHCls preparation 

■[wnH 

960 

77 

58 

Fraction II (1.5 volumes ace- 
tone fraction) 

0.144 

2700 

49 

55 

Fraction II-B (fractionation of 
Fraction II) 

0.171 

3330 

28 

51 



A more intensive purification was now carried out, starting with 
the crude chloroform preparation of another batch of beef blood. 
It was found by trial that 10 cc. of a saturated lead subacetate 
solution per liter of preparation resulted in a voluminous precipi- 
tate but no loss of carbonic anhydrase activity. More than this 
amount of lead subacetate caused the marked precipitation of 
enzyme. Since Keilin and Mann (6) had used this proportion of 
the subacetate for the complete precipitation of the compound 
hemocuprein, this step should effect the separation of carbonic 
anhydrase from this copper-containing protein. After a 2 day 
dialysis in the cold, the hter of lead subacetate filtrate was treated 
several times with 25 cc. portions of an aluminum hydroxide 
cream (20 mg. per cc.). This particular batch of alumina cream 
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effected some purification by removal of impurities. 2 volximes 
of chilled acetone were added and the precipitate taken up in 
200 cc. of water. The zinc content was now 0.271 per cent (Table 
III). Absolute alcohol was added to make a 65 per cent alcohol 
solution; the mixture was held at 45® for 15 minutes and centri- 
fuged after rapid chilling. The precipitate was discarded. This 
step gave a slightly greater specific actinty and raised the zinc 
content to 0.31S per cent on a dry basis. The enzyme was too 
unstable in this extreme dilution to attempt further purification. 
However, the report of Keilin and Mann (1) has been confirmed 
in all essentials. The concentration of the enzyme holds a con- 

Table III 


Purificaiion of Carbonic Anhydrase 



Yield 
of cn- 

Dry 
; matter 

Zn 

content 

Zn in 
dry 

, Activity 

Ratio, 
per cent Zn 


lyme 

matter 


1 

specific activity 

Lysed red blood cells. 

per 

cent 

100 

mg, 
jxr cc, 

121.5 

7 

cc. 

2.34 

percent 

0.002 

per cc. 

7100 

1 tinitj ! 
per mg.* 

58 ’ 

34 X 10~« 

CHCli preparation. . 

55 

2.7 

2.06 

0.077 

4700 

1740 

45 

Lead subacetate 
filtrate 

49 

1.8 

1.77 

0.098 

4500 

2500 

40 

Al(OH), filtrate 

32 

o.st 

1,40 

0.167 

2610 

3100 : 

45 

Acetone fractiona- 
tion 

8 

0.36 

0.98 

0.271 

2030 

5650 1 

48 

Alcohol (65 %) a- 
irate 

3 

0.09 

0.29 

0.318 

610 

1 

6700 

47 


• Dry basis. 


stant relation to the concentration of zinc through every step of 
the purification, within experimental error. 

The purified material was water-clear and colorless. It contained 
15.2 per cent nitrogen, 0.006 per cent iron, and 0.03 per cent 
copper. 

Since a lead salt was used in the purification, a special effort 
was made to establish the fact that none of this lead was entering 
into the zinc estimation. This was done by shaking the red zinc- 
dithizone complex (in CCU) with 10 cc. of 0.1 n NaCN. The 
color was completely removed. Under the same conditions it was 
found that a lead dithizonate was completely stable. 
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It should be emphasized that neither in this work nor in the 
original work of Keilin and Mann is there any indication that the 
maximum zinc concentration in carbonic anhydrase has been 
reached. The following may have some bearing on this point. 
An enzyme sample purified by acetone precipitation and contain- 
ing 0.271 per cent of zinc was made 0.6 saturated with ammonium 
sulfate. The slight precipitate was filtered off and discarded after 
it showed negative activity. The filtrate, after thorough dialysis, 
had a zinc content, on the dry basis, of 0.51 per cent. However, 
the ratio of the specific activity to the zinc content was very low, 
and the specific activity itself (units per mg. of dry matter) was 
still about the same as before the ammonium sulfate treatment. 
Because of this it was concluded that no purification had been 
effected and the high zinc content was due to the introduction of 
extraneous zinc as an impurity in the ammonium sulfate. How- 
ever, there is an alternative explanation. It is possible that traces 
of the ammonium ions brought about a 50 per cent inhibition, or 
that 50 per cent of the activity was destroyed during the long 
dialysis period, in which case, the 0.51 per cent zinc preparation 
would represent a true purification. 

The dialysis of relatively concentrated solutions of the enzyme 
at pH levels of from 6 to 9 does not remove any of the activity 
or any of the zinc. Both zinc and activity are lost by dialysis 
below pH 5. The addition of inorganic zinc salts to this dialyzed 
material is unable to restore any part of the lost activity. 

Effect of Inhibitors — Dithizone, which has an avid affinity for 
extremely small traces of ionic zinc in neutral or slightly alkaline 
solutions, is unable to produce any significant inhibition of car- 
bonic anhydrase. However, the limited solubility of this dye in 
water is an important factor in this conclusion. A saturated solu- 
tion (35 y or 0.05 mM) does cause a 25 per cent decrease in activity, 
but smaller amounts have no effect. 

Inorganic zinc in relatively large amounts (100 y or a final 
concentration of 0.75 mn) produced a 50 to 60 per cent inhibition. 
1 to 30 7 of zinc had no effect on the enzyme. However, a pre- 
formed zinc dithizonate (in 0.02 n KOH) equivalent to 10 y of 
dithizone and 1.8 7 of zinc was able to inactivate completely the 
enzyme if added directly to the enzyme in the reaction flask. If 
added to the opposite side in the reaction flask, the inhibitory 
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effect ^Yas xory much less (20 to 30 per cent). This property is 
not specific for the zinc dithizonatc, for both lead and cadmium 
dithizonates acted the same. It is possible that this action is due 
to adsorption of the enzyme on the colloidal metal dithizonatc 
particles. Hovrever, the activity could not be regenerated by 
bringing to pH 5 and extracting the free dithizonc with CCh. 

Davenport (7) has reported that the thiocyanate ion exerts a 
strong inhibition on carbonic anhydrase. This has been confirmed 
(Table IV). He suggests that this action was due to complex 
formation between one valence of the zinc of the enz^TOc and the 
thiocyanate. That this does not appear to be the case is suggested 


Table IV 

Inhihilion oj Carbonic Anhydrase by Thiocyanate and Zinc Ions 


Addition 

1 Activity 

Per cent inhibition 

None 

unttt per cc, 

549 

0 

KCNS, 10 mil 

44 

93 

" 5 '' .. .. 

110 

83 

" 2 " 

242 

53 

ZnSO,, 1 “ 

240 

53 

KCNS (2 mil) -f Zn (1 rail) 

121 

81 


from results shown in Table IV. The thiocyanate inhibition could 
not be removed by a previous mixing of the thiocyanate with 
eqmvalent amounts of zinc. Both inhibitors appear to have inde- 
pendent action and do not neutralize each other. 

Carbonic Anhydrase Content of Blood of Zinc-Deficient Rais — 
A zinc deficiency was produced in rats as described by Hove, 
Elvehjem, and Hart (2). The blood samples for carbonic anhy- 
drase determinations were obtained by drawing 0.02 cc. of whole 
blood into a statfdard 5 cc. hemoglobin pipette and diluting to the 
with distilled water. Samples for hemoglobin determina- 
tions were taken at the same time. The determinations were made 
Mthin an hour of the bleeding. The results of these determina- 
tions and of analysis of the red blood cells for zinc are shown in 
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Table V. There appears to be no very significant decrease in the 
carbonic anhydrase to hemoglobin ratio in the the zinc-deficient 
rats. Correspondingly, there is but a very slight drop in zinc 
concentration in the red blood cells. The zinc contents of the 
plasmas are not shown, since they have no direct bearing on the 
other determinations. These values varied between 2.5 and 4.0 
y of zinc per cc. of plasma, depending in part on the condition 
of the rat. 


Table V 


Carbonic Anhydrase, Hemoglobin, and Zinc Content of Bloods of 
Zinc-Deficient and Normal Control Rats 



1 10 Zn-low moles ^ 

5 males, Zn added 


1 

Range 

Average 

1 Range 

Average 

Hemoglobin, % 

10.7-14.6 

12.76 



Carbonic anhydrase, units per 
c.vvm 

4.5- 6.5 


5.0- 6.7 


Carbonic anhydrase, units per gm. 
HbX 10* 

3.1- 4.9 

3.81 

1 

3.5- 4.6 

4.18 

Zn in red blood cells, y per cc 

12.9-14.4 

13.4 


14.1 


j 9 Zn-low females 

5 females, Zn added 

Hemoglobin, % 

10.0-14.2 

12.08 


13.78 

Carbonic anhydrase, units per 
c.mm 1 

2.5- 5.0 

3.90 


5.84 

Carbonic anhydrase, units per gm. 
Eh X 10* 

1 

2.4- 4.0 ' 

3.27 

■Hi 

4.08 

Zn in red blood cells, y per cc 

10.7-15.5 

13.4 

15.0-16.5 

15.7 


The average gain per day during the week prior to these determina- 
tions varied from 0.2 to 1.3 gm. for the zinc-de6cient group, and 2.5 to 
4.6 gm. for the controls with zinc added. 


The average daily gain in weight during the week previous to 
sampling was 0.2 to 1.3 gm. for the zinc-deficient animals, and 
2.5 to 4.6 gm. per day for the controls with zinc added. 

DISCUSSION 

The observation of Keilin and Mann that carbonic anhydrase 
contains at least 0.3 per cent of zinc and that all of the zinc in the 
red blood cells is present in this enzyme has been confirmed. How- 
ever, there is yet no clue as to the nature of the linkage binding 
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zinc to the rest of the enzyme molecule, nor to a possible prosthetic 
group. 

According to Schom (8) a protein solution such as “ash-free'' 
egg albumin forms definite compounds with various metallic salts, 
in which 1 gm. equivalent of the metal is bound by 5200 gm. of 
the albumin. The metal cannot be removed by electrodialysis. 
On tliis basis the zinc-albumin compound would contain 0.63 per 
cent of zinc. It will be interesting to see if the carbonic anhydrase 
cannot be purified to the extent that it contains a higher amount 
of zinc than 0.3 per cent. 

Carbonic anhydrase determinations were carried out on rats 
which were quite definitely suffering from a zinc deficiency; yet 
no veiy’ significant decrease ^vas noted. There did appear to be a 
slight drop in hemoglobin in these rats. Since an anemia would be 
expected if the hematopoietic organs were unable to sjmthesize any 
single component of the red blood cells, whether hemoglobin or 
carbonic anhydrase, this fall in hemoglobin level in the zinc de- 
ficiency is not particularly strange. If a zinc deficiency could be 
produced which was so severe that the animals actually" lost weight 
and died, it is possible that a decrease in the carbonic anhydrase 
content of the red blood cells would be found. In some of the 
rats described in a previous paper (2) a much more severe de- 
ficiency occurred, as judged by the gro\si:h records. By contrast, 
these rats did show a decreased zinc content of whole blood. In 
the two rats of this group which died, an extremely rapid, gasping 
type of respiration was e\ident for a week prior to death. There 
was some frothing and foa min g at the mouth also. At autopsy the 
lungs showed no congestion, however. 

Since carbonic anhydrase is primarily localized in the red blood 
cells, zinc must have other functions in other tissues. Davenport 
(7) has reported the occurrence of carbonic anhydrase in the 
parietal cells of the stomach mucosa, and van Goor (9) has re- 
ported its presence in the pancreas. Naturally, extreme care must 
be taken to obtain preparations of these organs which are abso- 
lutely blood-free. It is interesting to note that Hohnberg (10) 
has reported that a partially pmified uricase contained 0.13 per 
cent zinc. 

In an interesting paper, Kiese and Hastings (11) have demon- 
strated that several oxidizing agents are strong carbonic anhy- 
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drase inhibitors. This inhibition could be reversed by reducing 
agents such as ascorbate and cysteine. The same authors (12) 
have shown, also, that certain inorganic substances have a non- 
enzymatic catalytic effect on the hydration and dehydration of 
CO 2 . Bromine and chlorine had the strongest action, while iodine 
was ineffective. 


SUMMARY 

1. The report that carbonic anhydrase contains at least 0.3 per 
cent of zinc and that all of the zinc in the red blood cells is bound 
into this enzyme has been confirmed. 

2. The highly sensitive zinc reagent, dithizone, produced little 
significant inhibition of carbonic anhydrase. KCNS was mark- 
edly inhibitory. An equivalent amount of zinc ion was unable 
to neutralize this inhibitory property of thiocyanate. Zinc ions 
alone, in relatively large amounts, produced a 50 to 60 per cent 
inhibition. 

3. Under the experimental conditions employed there is but little 
significant decrease in the carbonic anhydrase to hemoglobin ratio 
in zinc-deficient rats. 
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THE FACTOR V (COENZYMES I AND II) CONTENT OF 
RAT TISSUES: EVIDENCE FOR SYNTHESIS OF 

NICOTINIC ACID BY THE RAT 

Bv ^V. J. DANN Axu HENRY I. KOHN 

(From the Department of Physiology and Pharmacology, Duhe University 
School of Medicine f Durham, iVor/A Carolina) 

(Received for publication, July 24, 1940) 

Specific deficiency diseases caused by lack of dietary” nicotinic 
acid have been described in the dog, pig, monkey, and man. In 
the dog and the pig it has been shown that the coenzyme content 
of the liver and voluntary muscle is markedly decreased in the 
deficient animal (1~3) but the coenzyme content of the blood cells 
is not decreased. An early report (4) suggested that the coenz3nne 
content of the blood was lowered in deficient humans (pellagrins) 
but later work shows this to be incorrect (5, 6); therefore in three 
of the species the blood coenzyme level does not change signifi- 
cantly in the deficient state, but the level in certain other tissues 
has been shown to fall in the only two species examined. 

No specific nicotinic acid deficiency disease has yet been reported 
in the rat, but on the basis of the results with other species it is 
to be expected that if such disease occurred it would be accom- 
panied by large decreases in the coenzyme content of the liver 
and voluntary muscle, but little change in the blood level. We 
have sought evidence for the existence of such a disease by ex- 
amining the coenzyme content of certain tissues of the rat on 
complete diets and on diets low in nicotinic acid. In addition we 
have obtained figures on nicotinic acid balance in an attempt to 
find whether the rat is dependent on dietary nicotinic acid. 

Methods 

The rats were taken from a breeding colony of the Vanderbilt 
strain (7), maintained on a stock diet of Purina Chow, bread, 
lettuce, corn-meal, whole wheat, pig liver, dried milk, cod liver 
oil, and salt. 
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Two diets were used in the study. Diet 1 was the modified 
Goldberger diet used in previous blacktongue studies (1), fed ad 
libitum, and supplemented daily by 20 7 each of thiamine chloride, 
riboflavin, and pyridoxin for each rat. This diet induces black- 
tongue (nicotinic acid deficiency) in dogs, but three of its ingredi- 
ents contain small quantities of nicotinic acid. Acid hydrolysis 
of these materials, decolorization of the digests by the method of 
Melnick and Field (8), and estimation of the nicotinic acid by a 
Konig reaction with metol showed the nicotinic acid contents in 
micrograms per gm. to be for corn-meal 7.8, cow-peas 11.6, 
washed casein 5.7. The diet contained 13 per cent corn-meal, 1.27 
per cent cow-peas, and 1.75 per cent washed casein; the water 
content was 80 per cent. The complete diet therefore contained 
1.3 7 of nicotinic acid per gm.; reckoned on a dry weight basis, 
6.5 7 per gm. On this diet weanling rats grew slowly, reaching 
a weight of 200 to 300 gm. in 6 to 9 months. 

Diet 2 was designed to have an even lower nicotinic acid content 
than Diet 1. It contained Labco vitamin-free casein 20 per cent, 
sucrose 75 per cent, salts^ 5 per cent, and was supplemented for 
each rat daily with 20 7 each of thiamine chloride, riboflavin, and 
pyridoxin^ and with 2 drops of a yeast extract rich in pantothenic 
acid. It was also supplemented twice weekly with 2 drops of 
cod liver oil. The yeast preparation was a 55 per cent alcohol 
extract,^ treated with phosphotungstic acid to remove nicotinic 
acid. This casein contained 3.6 7 of nicotinic acid per gm., and 
the complete basal diet 0.7 7 per gm. The daily dose of yeast 
extract for each rat contained 0.8 7 of nicotinic acid. 

Rats were sacrificed as required for estimation of the tissue 
coenzymes. These were determined by the factor V method (9) 
which is sensitive to coenzymes I and II and possibly to closely 
related unknown substances. The analyses are expressed in di- 
phosphopyridine nucleotide equivalents; i.e., micrograms of di- 
phosphopyridine nucleotide (coenzyme I) equivalent in activity 
to 1 gm. of w^et tissue. 

* The salt mixture was that described by Drummond and Watson, Ana- 
lyst, 47, 235 (1922). 

- These three vitamins were kindly furnished by Merck and Company, 
Inc. 

* Kindly furnished by Mr. G. F. Siemers of Anheuser-Busch, Inc. 
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Results 

Growth Rate on Did 1 and Did 5— The rats taken for experi- 
ment were 21 to 24 da 3 ''s old and most were between 35 and 50 
gm. in weight. On Diet 1 wdth the supplements described above 
these rats grew slowh' but steadil}’ over long periods, and most of 
them remained active and health^". Some died of intercurrent 
infections; a larger number than would have been expected if the 
stock diet had been used. In the longest trial made, lasting 9 
months, a number of the rats grew to 300 gm. on Diet 1. The 
greatest gro\\i:h rate obser^^ed for any rat was 2.5 gm. dail 3 % 
maintained for 2 weeks; a rate of 2 gm. dail}’* was commonl 3 ’' 
maintained for 6 to 10 weeks. The food consumption was meas- 
ured for some groups and the mean value was 22 gm. dail}^ during 
the first 6 weeks on the diet. The maximum food consumption 
observed in 1 da^^ was 30 gm. 

When Diet 1 was supplemented wdth 1 mg. or 2 mg. of nicotinic 
acid or nicotinamide dail}^, no significant difference in growth rate 
was observ'ed in comparison vdth litter mate controls. 

Rats given Diet 2 vdth the supplements described above grew 
15 to 30 gm. in about 3 weeks and then remained almost constant 
in weight for long periods. Although stunted, the}’ remained ac- 
tive and appeared to be in good condition. The mean food con- 
sxunption was 7 gm. daily per rat. Tests controlled by imtreated 
litter mates showed that the addition of 1 or 2 mg. of nicotinic 
acid daily did not cause increased grow’th. 

Coenzyme Content of Tissues — Forty rats, in ten groups of four 
each, were sacrificed for estimation of the coenzyme content of 
liver, kidne}^ and thigh muscle. Each group was of the same age 
and dietary history, but different groups varied from 3 weeks to 
6 months old. The 3 week-old rats were weanlings from the breed- 
ing colony; other groups had received one of three diets, (1) the 
stock diet of the breeding colon}', (2) Diet 1 with 1 or 2 mg. of 
nicotinic acid daily, or (3) Diet 2 vnih 1 or 2 mg. of nicotinic acid 
daily. The figures obtained did not show any significant differ- 
ences between the groups, even when the stimted rats kept on 
Diet 2 -}- nicotinic acid were compared with others of the same 
age on the stock diet, or when 3 week- and 6 month-old rats on 
the stock diet were compared. The results are therefore given 
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only as means, presented in Table I, and are regarded as normal 
values. 

Table I 

Coenzyme Content of Rat Tissues Determined by the Factor V Method 


The coenzymes are expressed in micrograms of diphosphopyridine nu- 
cleotide equivalent to 1 gm. of wet tissue. 


Tissue 

No, of samples 

Mean coensyme 
content 

Standard 

deviation 

Liver 

39 

540 

58 

Kidney 

38 

519 

71 

Thigh muscle 

36 

524 

60 


Table II 

Coenzyme Content of Tissues of Rats Maintained on Diets Deficient in 
Nicotinic Acidy and Effect of Adding Nicotinic Acid 
The values are expressed in micrograms of diphosphopyridine nucleotide 


equivalent to 1 gm. of wet tissue. 


Experiment No 


1 

2 

3 

4 

6 

6 

7 * 

Diet No 


1 

1 

1 

2 

2 

2 

2 

Days on diet 


66 

69 

84 

21 

24 

31 

60 

Mean factor V, de- 

Liver 


446 

586 

449 

434 



ficient diet only 

Kidney 


462 

587 

448 


544 



Thigh muscle 

399 


576 

445 

438t 

464 


Mean factor V, de- 

Liver 

519 

Bj 

574 

587 

542 

616 


ficient diet + nico- 

Kidney 

434 


537 

569 

549 

593 


tinic acid supple- 

Thigh muscle 

483t 

493t 

546 

547 

547 

mm 


ment 









Ratio, deficient to 

Liver 


m 


Vi 

Vi 

iWaii 


1.02 

supplemented 

Kidney 



[K| 



0.92 

0.87 


Thigh muscle 




gEn 

mm 

■Ml 

0.76 

0.98 


Each figure is the mean of four, except when marked (f), when one of 
the four samples was lost in analysis. 

* In Experiment 7 the tissues of the two groups of rats were compared 
with one another but not with the standard coenzyme preparation. 


To find the effect of deprivation of dietary nicotinic acid on the 
coenzyme level, a number of similar experiments were set up. In 
each, a number of weanling rats were placed either on Diet 1 or 
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Diet 2, and divided into hvo matched groups of litter mates, of 
which one group received added nicotinic acid. After a chosen 
period, four rats on the diet not supplemented vdth nicotinic acid 
were killed, together wth their four litter mates which had received 
added nicotinic acid, and the tissues were anal^'zed for coenz^une. 
The results of seven experiments are collected in Table 11. Analy- 
sis of the data shows that there is a statistically significant de- 
crease in the coenzjone content of the tissues of those rats recei\dng 
Diet 1 or Diet 2 mthout the nicotinic acid supplement. The 
decrease on the average is about 10 or 12 per cent for each of the 
three tissues. 


DISCUSSION 

In order to establish nicotinic acid as a vitamin for the rat it 
would be necessary to show that without dietary nicotinic acid the 
rat either fails to survive, fails to grow, or suffers a specific loss of 
function or deficiency disease. Such evidence has never been 
firmly established. Frost and Elvehjem (10) reported a growth- 
promoting action of nicotinamide when it was added to a de- 
ficient basal ration; but the groniih did not begin until 2 weeks 
after the nicotinamide was added to the deficient diet. This sug- 
gests that the amide was not acting directly as a vitamin for the 
rat, because the other water-soluble factors (thiamine chloride, 
riboflavin, pyridoxin) all produce an immediate response when 
added to diets from which they have been excluded. 

From the experiments reported above we draw the following 
conclusions. Fust, the rats can survive for long periods on Diet 1 
and Diet 2, They grow slowly on Diet 1 and scarcely at all on 
Diet 2, but in neither case does the addition of nicotinic acid in- 
crease growth. Therefore a deficiency of nicotinic acid is not the 
factor limiting growth on these diets, and it appears that the 
nicotinic acid requirement of the rat must either be very small or 
non-existent. In the second place, the severe restriction of dietary 
nicotinic acid leads to a decrease in the nicotinamide-containing 
coenzymes of the tissues which is only slight. In the dog which 
suffers from blacktongue after deprivation of nicotinic acid, the 
level of coenzymes in the liver tissue may be down to less than 
50 per cent of the normal value, and for voluntary muscle to 
65 per cent. In the rat, the smaller decrease to about 90 per cent 
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of the usual value is in sharp contrast to this, and suggests that 
the rat is not suffering any serious change due to lack of dietary 
nicotinic acid. The synthesis of the coenzymes takes place to 
almost the same extent as when the rat receives an abundance of 
nicotinic acid. 

The third point to be made is that a balance sheet can be drawn 
which indicates that the rat actually synthesizes nicotinic acid 
when it grows on Diet 1 . A common rate of growth maintained 
for at least 3 weeks on Diet 1 by rats in our experiments was 2 gm. 
daily. The food intake was less than 30 gm. Assuming that 80 
per cent of the weight increase occurred in the soft tissues (see 
Donaldson (11)), and that the mean level of coenzyme in the soft 
tissues was 450 7 of diphosphopyridine nucleotide equivalent per 
gm. (see Table II), then the rat was S 3 mthesizing 1.6 X 4507 oi 
diphosphopyridine nucleotide equivalents daily, containing about 
144 7 of nicotinic acid. The dietary intake was less than 30 X 
1.3 7 = 39 7 of nicotinic acid daily. Thus the rat was ingest- 
ing less than 40 7 of nicotinic acid daily and laying down over 
140 7 in the soft tissues in the form of coenzyme. In addition, 
some must have appeared in the hard tissues and it is probable 
also that urinary excretion of nicotinic acid occurred. There can 
be no doubt that the rat synthesized a good deal more nicotinic 
acid than it ingested. 

The observation that in the growing rat on Diet 1 the tissue 
coenzyme level remained as high as in the rat failing to grow on 
Diet 2 indicates that the rat synthesizes enough nicotinic acid to 
allow the maintenance of this level of coenzyme (which may be 
regarded as a physiological norm) and perhaps no more. The 
10 per cent higher level in the rat receiving abundant nicotinic 
acid may then be regarded as an effect of luxus consxnnption of 
nicotinic acid. 

As the rat is able to synthesize nicotinic acid when fed on Diet 1, 
we conclude that this compound is not a vitamin for this species. 
This conclusion is opposed to that of von Euler el al. (12) who 
state "dass Nicotinsaureamid fiir den Rattenkorper eine unent- 
behrliche Verbindung von Vitamincharakter ist.” This opinion 
is based on their finding that rats on regimens deficient in nicotinic 
acid had a coenzyme level only about half as great as that of rats 
receiving liberal amounts of nicotinic acid. Their figures were 
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expressed as an av^age level for the whole carcass, and the large 
decrease they report depends upon a smaller number of more 
variable figures than ours. We are unable to discuss these find- 
ings at greater length, since von Euler ct ah have not published 
the details of their basal diet. 

It is noteworthy that other workers (13), using the same tech- 
nique and standard preparation of coenzymo, found mean values 
within 2 per cent of ours for rats of the Douredoure strain^ more 
than 7 daj^ old, when the diet consisted of Purina Chow only. 
During the 1st week of life thc}^ found the coenzjTne content in- 
creased rapidly. On the other hand, the cowmase content of rat 
tissue has been reported (2) as about twice the value found by 
us. The anal3’sis wras hy a fermentation test, and a different 
standard and mode of attraction were emplo3’'ed. The cause of 
this difference in absolute values is now under examination. 

SITMMART 

On two diets low in nicotinic acid the rate of growi;h of rats 
was not increased by adding nicotinic acid. The coenzjone level 
(pyridine nucleotides) of the liver, kidney, and thigh muscle was 
decreased only about 10 per cent by the deprivation of nico- 
tinic acid. 

On one of the deficient diets the growing rats synthesized coen- 
zymes at a rate utilizing more nicotinic acid than wns ingested, 
showing that nicotinic acid itself w^as being synthesized by the rats. 

The normal level of coenzymes in the tissues of rats receiving 
liberal amounts of nicotinic acid in the diet is 540 y per gm. of liver, 
519 y per gm. of kidney, and 524 7 per gm. of thigh muscle. 

^ Our thanks are due to the John and Mary R. Markle Founda- 
tion for support of this work. 
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THE ESTIMATION OF PHOSPHATASE IN YEAST 
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For the determination of the phosphatase content of yeast many 
methods have been used (1“3). The usual method is to hydrolyze 
a gli^'cerophosphate and measure the amount of inorganic phos- 
phate liberated, ffing and Armstrong (4) have shown, however, 
that phenyl phosphate could be used as a substrate and the phenol 
determined. To be satisfactoiy the method chosen must give a 
measurable amount of hydrolysis in as short a time as possible and 
must not require too much yeast. The advantages in using only a 
small amount of yeast are that there may be only limited amounts 
available and it reduces the amounts of undesirable impurities 
frequently present. 

The method finally chosen was to measure the phenol liberated 
from a mixture of 10 mg. of yeast and 10 cc. of 0.01 m disodium 
phenyl phosphate, buffered vrith. acetate veronal at pH 4.1, after 
20 minutes at 37^, A summaiy^ of the experiments on which 
these choices are based follows, 

EXPERIMKNTAL 

The treatment of the yeast used in all the preliminary ex- 
periments (Yeast 40) involved washing by centrifugation, drying 
m air and in vacuo over calcium chloride, and finally grinding to 
pass a 40 mesh sieve. 

The Folin and Ciocalteu (5) reagent used for the colorimetric 
analysis of phenol was found to be effective in stopping the 
hydrolysis. 

Effect of Temperature on Rate of Hydrolysis — Yeast phosphatase 
is active between relatively wide limits of temperature (0-60°) 
and exhibits a maximum near 50°. For this reason 37° was chosen 
as the temperature for performing the hydrolyses because it gave 
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a high rate and was not too near the optimum temperature, above 
which the rate falls very rapidly. 

Effect of pH on Rate of Hydrolysis — The optimum pH for the 
phosphatases in the yeasts used was in the neighborhood of 4.0. 
The buffers used were the acetate veronal buffers described by 
Michaelis (6). All pH values were determined electrometrically 
with a glass electrode. 

Effect of Time on Rate of Hydrolysis — For the estimation of phos- 
phatase it is highly desirable to measure the “initial rate” of 
hydrolysis. For this reason as short a time as possible consistent 
with convenient readings on the colorimeter should be used. 20 
minutes were chosen as a suitable time for the hydrolysis. 

Effect of Substrate Concentration on Rate of Hydrolysis — If the 
substrate concentration is too low, the substrate is almost com- 
pletely hydrolyzed in a few minutes, and it would be difficult to 
distinguish between yeasts with high and low phosphatase con- 
tents. High concentrations of substrate are to be avoided, since 
the substrate is a fairly expensive chemical. For these reasons 
0.01 M was the substrate concentration chosen. When sodium 
)S-glycerophosphate is used as a substrate under the conditions 
mentioned above, the amount of hydrolysis is so small that some 
observers using this method have reported that no phosphatase 
was present in certain yeasts. 

Effect of Yeast Concentration on Rate of Hydrolysis — As the yeast 
concentration increases, the rate of hydrolysis increases. At all 
concentrations the amount of phenol liberated is proportional to 
the amount of yeast used. However, since it is desirable to 
measure the phosphatase before an appreciable amount of the 
substrate has been hydrolyzed, the smaller the amount of yeast 
used, consistent with convenient readings on the colorimeter and 
accurate sampling, the better. For these reasons 10 mg. of yeast 
were chosen as a suitable amount for each phosphatase deter- 
mination. 

Effect of Products of Hydrolysis on Rate of Hydrolysis — Experi- 
ments have shown that the addition of phenol, even up to 50 
times the amount liberated in the hydrolysis, has no appreciable 
inhibitory effect on the hydrolysis. Phosphate, on the other hand, 
above 0.002 m has an inhibitory effect. This is another argument 
in favor of using as short a time as possible for the phosphatase 
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tests. When excess plienol was added, King’s (7) method for 
the determination of phosphate was used to measure the hydroly- 
sis, and, when excess phosphate was added, Folin and Ciocal tea’s 
method for the determination of phenol was used. 

The procedure finall}’ used is as follows: Into Lrshaped rocker 
tubes, described by Eastcott (8), were put 7 cc. of acetate veronal 
buffer, pH 4.1, 2 cc. of disodium phen^d phosphate (substrate) 
0.05 M, and 1 cc. of yeast suspension (10 mg, per cc.). After 20 
minutes rocking, 5 cc. of the Folin and Ciocalteu reagent were 
added to each tube. The contents were mixed and filtered through 
a No. 42 Whatman filter paper. A 5 cc. aliquot of the filtrate was 
transferred to a 15 cc. volumetric flask, and 1.5 cc. of extra Folin 
and Ciocalteu reagent and 2.5 cc. of sodium carbonate solution 
(20 per cent anh 5 ’’drous) were added. The solution was made to 
volume ^dth distilled water and, after 20 minutes, the blue color 
produced was compared with a standard phenol solution contain- 
ing 0.1 mg. of phenol per 10 cc. Control experiments were carried 
out ndth two tubes, one containing substrate and buffer, the other 
buffer and yeast. These controls showed either no blue color or 
only slight traces. 

The phosphatase content of a variety of 3 'easts determined in 
this way is shown in Table I. The phosphatase unit is defined as 
the number of mg. of phenol liberated hy 10 mg. of 3 ^east at pH 4,1 
in 20 minutes at 37° from a solution containing 0.01 m disodium 
phenyl phosphate. 

Note on Yeasts Mentioned Above — Bakers’ Yeasts 30, 40, and 50 
were obtained from Standard Brands Ltd. Yeast 50 was supplied 
to us without the binder usuall 3 " present in 3 ’'east cakes but was 
washed and dried before testing in the same way as was Yeast 40. 
Yeast 30 when received had already been dried, and so it was only 
ground before testing. It had been growm on a protein-rich 
medium. 

The Toronto strain of SacchaTomyces ccrevisiae I, Hansen was 
the yeast used in those labeled Yeasts SI, S2, S3, and TJ. The 
differences obtained are due to the culture media on which the 
yeasts are grown. After growth the washing and dr 3 ring treat- 
ment was the same for all. 

Yeast SI was grown on a standard culture medium containing 
1 gm. of calcium carbonate, 100 gm. of dextrose, 4.2 gm. of potas- 
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sium dihydrogen phosphate, 8.4 gm. of amnaonium nitrate, 0.7 gm. 
of calciiim chloride (hydrated), and 2.1 gm. of hydrated magnesium 
sulfate per liter. Before making to volume inositol. Bios IIB, 
and calcium pantothenate were added. Yeast S2 had a dijfferent 
Bios IIB preparation added to the culture medium and was grown 
for 48 hours instead of the usual 24 hours. Yeast S3 had the 
same bios as did Yeast S2 but was only grown for 28 hours. Yeast 
TJ had the inositol. Bios IIB, and pantothenate replaced by 15 cc. 
of filtered tomato juice. 


Table I 

Determination of Phosphatase in Various Yeasts 


The substrate concentration was 0.01 m disodium phenyl phosphate; 
time 20 minutes, pH 4.1, temperature 37°, yeast 10 mg. per cc.; the phos- 
phatase unit is the number of mg. of phenol liberated. 


Yeaat No. 

Phosphatase units 

40, bakera’ 

0.609 

30, “ 

0.480 

50, “ 

0.631 

SI, Toronto strain 

0.930 

S2, ** “ 

0.183 

S3, “ “ 

0.923 

TJ, “ 

0.310 

•^''7 

Brewers’ yeast, bottom 

0.354 

top 

0.218 



The brewers’ yeasts were obtained from Canada Bud Breweries, 
Ltd., and were washed and dried before testing. 

SUMMAEY 

In this paper is presented a procedure for the determination of 
phosphatase in yeast based on King’s application of the use of 
Folin and Ciocalteu’s phenol determination to measure the phenol 
liberated from disodium phenyl phosphate. The method is pref- 
erable to those now in use because it is more rapid and less yeast 
is required for each determination. It is also preferable to the 
phosphate method, because yeasts almost always contain inor- 
ganic phosphate which appears in the controls, whereas none of 
the yeasts investigated contained phenol. 
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The effect of the composition of the medium in which the yeast 
grows on the phosphatase content of the yeast is being inves- 
tigated. 
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It is now 100 years since Alayer voyaged as pliy^cian on a 
Dutch vessel to Java and noticed that blood from a superficial 
vein was more red in that climate than in Germany. He mis- 
takenly deduced that the production of heat and the process of 
oxidation must be less in torrid zones than in colder regions. 
Adolph (1) has pointed out some of the fallacies in Mayer’s inter- 
pretations. Blood from an arm vein may vary in composition 
without corresponding variations in mixed venous blood; the blood 
supply to the skin serves the function of regulating temperature 
as well as of transporting gas. In extremely high temperatures 
it may become arterial in character, while in great cold it may be 
nearly deoxygenated. 

Petersen (2) has suggested that venous blood reflects changes 
in the weather. It is his thesis that the pH, CO 2 content, and 
dependent properties of blood are so sensitive to temperature and 
barometric pressure that they respond in a predictable fashion to 
storm fronts. His work (2) contains a considerable body of data 
on the relation between the properties of blood and day-to-day 
variations in the weather. While we are prepared to accept the 
idea that there is some dependence of the properties of venous 
blood on weather, the degree of dependence of the properties of 
arterial blood on climate, weather, race, and the make-up of the 
individual is less clear. It is these latter questions with which we 
are here concerned. 

The sites and seasons of our own observations are Boston throu^- 
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out the year, and Boulder City, Nevada, and Benoit, Mississippi, 
throughout the summer. Our subjects consist of male adult 
Whites and Negroes. We are indebted to Dr. Hastings and Dr. 
Shock for their having made available the dates corresponding 
to their published records on five men studied at Chicago through- 
out a period of 3 years (3). The maximum daily temperatures 
have been supplied by the United States Weather Bureau. 

As intimated above, we have sought as a by-product of this 
study evidence of individual idiosyncrasies. It may be possible 
to characterize an individual as definitively by internal anatomical 
characteristics and by quantitative differences in function as by 
external anatomical features. While this possibility has not 
been explored in detail, there is much to be said in its support. 
Thompson, Corwin, and Aste-Salazar (4) have pointed out the 
dependence of the respiratory pattern, delineated on the pnemno- 
gram, on mental make-up and they have been able to associate 
certain types of pneumograms with certain mental illnesses. This 
implies that the functioning of the respiratory center is a distinc- 
tive physiological characteristic. Shock and Hastings (3) have 
shown that the cell volume and probably the pC02 values for men 
and for women are significantly different. They also conclude 
that normal individuals differ significantly from one another in 
regard to the acid-base balance of their blood. The hemoglobin 
concentration in the blood of man reflects the balance between 
opposing forces, the formation and destruction of red cells, and 
hence this may be looked upon as giving a clue to the activity of 
certain tissues and organs. Similarly, the alkaline reserve (here- 
inafter referred to at Tio and defined as the C02-combining ca- 
pacity of oxygenated blood at pQOz = 40 mm. of Hg and at 37°) 
depends on the ingress and egress of acids and on certain processes 
of intermediary metabolism; the CO2 content of arterial blood 
depends on alkaline reserve and respiratory regulation; the con- 
centration of protein in serum depends on its rate of movement 
through capillaries, on shifts of water between extra- and intra- 
cellular spaces, and on the water balance of the body as a whole. 
We do not propose to consider many of these points in detail, but 
think it worth while to emphasize that idiosyncrasies of the sub- 
jects as well as racial differences may render more difficult an 
assay of the effects of season and climate. 

The existence of physiological differences between Negroes and 
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Whites other than those dependent on pigmentation and external 
anatomical features is suggested hy the superior records of Negroes 
in track and field athletics and by the commonly expressed opinion 
that thc}^ have greater resistance to high temperatures than have 
Whites. So far, however, no one has demonstrated unique physio- 
logical characteristics of the Negro that might be related to the 
capacity for energy transformation. During our experiments 
we found opportunities to test both the major premise and the 
deductions that logically follow. 

Methods 

With the exception of the Boulder City data, arterial COs 
and O 2 content and capacity were determined in the usual manner 
and pH was calculated by the Henderson-Hasselbalch equation. 
Equilibration was carried out at 37®. At Boulder City the pH 
of arterial blood at 37® was determined directly by the glass 
electrode and Tao was calculated by use of data given by Peters 
and Van Slyke (5). Values for pH, determined at 37® on the 
glass electrode, and of arterial CO 2 , determined on the Van Slyke 
apparatus, are applied to the line chart of Fig. 96 (p. 907 (5)). 
The slight degree of unsaturation of arterial blood is neglected 
and the factor / is read off the chart. This multiplied by whole 
blood CO 2 gives plasma CO 2 . The next step consists in calculating 
the PCO 2 of arterial blood from the plasma CO 2 , derived above, 
and the pH. Formula 5 of Table 57 (p. 881 (5)) may be used. 
Finally blood CO 2 at pC02 = 40 mm. of Hg may be e.stimated 
from the observed arterial CO 2 and from the calculated pC 02 on 
the assumption that in normal blood the slope of the CO 2 dissocia- 
tion cur\^e is 0.24 mM of CO 2 per mm. of pC02, a relation implicit 
in Equation 26 (p. 912 (5)). In cases where the connection of 
blood CO 2 to a PCO 2 of 40 mm. exceeds 1 mxc we employ the line 
chart of Henderson, Bock, Dill, and Edwards (6). With this 
chart, if the EO? and any pair of values of pCOz and CO 2 in ox^’^ge- 
nated blood are knovm, it is possible to derive anj^ other pair of 
values of the latter variables; c.g., CO 2 when pC 02 = 40 mm. of 
Hg which is T 40 . 


Results 

Fig. 1 shows the values of pH in a group of 106 men in Boston 
(chiefly Harvard students) studied throughout the year and in two 
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groups studied in Benoit, Mississippi. Corresponding values 
for arterial CO 2 are found in Fig. 2. Despite the wide range of 
temperatures, there is no clear evidence of a dependence of these 
properties of the blood on the season. The trends of total CO 2 , 
alkaline reserve, pCOa, and pH with temperature were calculated 
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Fig. 1. Arterial pH in relation to daily maximum temperature. The 
line corresponds to the trend of the observations. 


for the group of 106 students in Boston and for the 100 observa- 
tions on five men made by Shock and Hastings in Chicago (3). 
As appears from Table I, there are slight positive trends with 
temperature of both arterial CO 2 and T 40 in both places. The 
trends in pCOn and in pH were in opposite directions in both the 
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Boston and the Chicago data. If the two sets of data are put 
together, these opposite trends in pH and pCOj nearly counter- 
balance and the positive trends in CO: content and capacity are 
so slight that no con^ncing evidence is provided for any de- 
pendence of these functions on external temperature. 
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Fig, 2 . Arterial CO 3 in relation to daily maxunum temperature. The 
line corresponds to the trend of the observations. 


Petersen^s observations ou pH of venous blood (2) vrere made 
by a colorimetric procedure. Venous blood is ordinarily more 
acid than arterial blood by about 0.03 pH unit and yet Petersen’s 
pH values are more alkaline by about 0.05 than our observations 
on artenal blood. This implies a difference of about 0.08 between 
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pH as determined by Petersen, on the one hand, and by the 
Hastings colorimetric method, the equilibration procedure, or the 
electrometric method, with the glass electrode, on the other. 
Petersen’s pH data on each of four men during 2 summer months 
in Chicago are shown in Fig. 3. There is a small but consistent 
trend in pH for each subject, amounting to about +0.0015 pH 
unit per 1°; for a temperature difference of +20° there is a pH 
increment of 0.03. This amounts to about the normal difference 
between arterial and venous blood. If arterial blood remains 
unaffected by temperature, it would be possible to account for 

Table I 

Trends in Composition of Arterial Blood with Temperature 
The trends are calculated by the Pearson formula from the day’s maxi- 
mum temperature reported by the United States Weather Bureau. 


Observers 

Place 

Shook-Hastings 

Chicago 

6 

100 

Dill et al 
Boston 

106 

106 

No. of subjects 

** “ observations 

Mean of maximum temperatures, 

9 

10 

'' total CO 2 , vxM 'per 1 

21.7 

1 22.2 

^GOif^t 

-{-0.02 1 

-HO. 01 

Mean 7^40,* mu per 1 

21.3 

I 21.5 

ATio/^t 

+0.01 

-HO. 02 

Mean wwi. Hg 

41.2 

43.4 

ApCOi/At 

+0.09 

-0.04 

Mean pH, 

7.395 

7.381 

ApE./At 

-0.0005 

+0.0008 


* Tio or alkaline reserve is defined as the CO 2 content of oxygenated 
blood equilibrated at 37° at pCOi = 40 mm. of Hg. 


this great a change in venous pH by assuming that skin circulation 
increases so much in high temperatures that venous blood draining 
the skin capillaries remains virtually arterialized. 

*\Ve have made similar measurements on members of our party 
in Boston and in summer expeditions to the desert and to the 
humid heat of Mississippi. The values of pH and of arterial CO 2 
in desert heat are shown in relation to daily maximum temperature 
in Fig. 4. Two of the men, Adolph and Dill, are in a separate class 
in so far as arterial C 02 content is concerned. Eleven observa- 
tions on Adolph and Dill range from 21.9 to 25.0 mw per liter. 
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while twent3^-two observations on the other five men range from 
19.4 to 22.0 mM. A similar difference was observ'ed in winter, 
and hence we have here individual idiosyncrasies that persist 
despite changes in climate and season. Aside from this feature, 
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^ Fig. 3. Venous pH, in four subjects studied by Petersen (2) in Chicago, 
r is Pearson’s coefficient of correlation. 


the only other comment to be made on Fig. 3 is that there is no 
clear relation between the fluctuations in daily maximum tem- 
perature and these properties of blood. 

No racial difference was found in respect to the mean values of 
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arterial CO 2 and pH. This is evident not only from Figs. 1 and 2 
but also from Table II; the mean values for these two functions 
in two groups of Negroes lie within the limits set by groups of white 
subjects with one exception. 

The foregoing observations give no indication that two selected 
properties of the blood vary with season, but they do not disprove 
the contention of Petersen that there are day-to-day fluctuations 
in these properties that depend on the passage of storm fronts. 
If there is such a dependence, variability in the properties of blood 



Fig. 4. Arterial CO 5 and pH during the summer of 1937 at Boulder City, 
a separate symbol being used for each of the seven men studied. No 
consistent differences were seen in pH but two men had a higher COj 
content than the others. Neither function varied with the outdoor 
maximum temperature. 

should be maximal in our Boston data and in those of Shock and 
Hastings (3) in Chicago. These measurements were made in all 
four seasons and in climates notable for instability. The least 
variability should be found in our measurements in Benoit where 
the summer weather is notable for its uniformity. During our 
stay at Benoit the barometric readings, uncorrected for altitude, 
averaged 749.2 mm. of Hg, with a standard deviation of 2.6. For 
a corresponding period in the summer in Boston the values were 
763.3 =b 3.7 mm. and in the winter 764.1 db 7.9, We have ac- 
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cordingly paid particular attention to the variability of pH and 
arterial CO- with respect to climate and season. 

The possibility also exists that there are racial differences in 
variability even though the mean values arc not significantly 
different. Negroes are reputed to have a different emotional 


Tabli: II 

Aricrial -pH and COj Consent {in tnM per Li(cr) in Relation to Climate and 

Race 


Place 

Suhjcctfl 

s 

«3 

h 

5 

Jk 

ose 

pH 

Arterial 

COt 



O 

d 

O t 

6B 

Z 

ific 

p; 

Mean 

8.D. 

Mean 

8.D. 

Boston 

Laboratory staff 

10 

10 

•c. 

0-15 

7.386 

0.018 

22.12 

0.84 

Benoit 

fi tt 

10 

16 

32-38 

7.403 

0.026 

22.09 

1.22 

Boston and 

Colored students 

12 

12 

0-15 

7.390 

0.020 

22.56 

1.25 

Bloomington 
Benoit 1 

Colored share crop- 

1 

23 

23 

29-37 

7,398 

0.021 

21.89 

1.17 

! 

Boston 

pers 

Students and faculty 

106 

106 

-5-3l' 

7.381 

0.030 

22.22 

1.00 

Chicago 

Shock and Hastings 

5 

100 

-17-37 

7.395 

0.032 

21.65 

1.38 

ff 

(3)* 

Shock and Hastings 

39 

104 


7.404' 

0.027 

22.30 

1.20 

If 

(7)* 

Petersen (2)| 

4 

223 

20-36 

7.456 

0.027 

28.45' 

1.34 


* The pH values of Shock and Hastings (3, 7) were determined colori- 
metrically at 38"*. We have introduced a correction of +0.005 to bring them 
into line with our measurements made at 37°. We have emploj'ed only 
their first observation of each day whenever several were made on the same 
day. 

t Venous blood. The method of Myers and Muntwyler (8) was used for 
pH determination. We have read off values from the curves given by 
Petersen ((2) Pig. 76). 

make-np than Whites and it is true that emotional make-up can 
be reflected in the properties of blood obtained by puncturing an 
artery, or even a finger. While most subjects are little concerned, 
many show a respiratory response which may take the form of 
holding the breath in some or of overventilation in others. 

We find that the arterial pH does not show consistent differences 
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in variability that can be related to climate or race (Table II). 
The smallest standard de\nation was found in our laboratory 
staff in Boston; it was considerably greater in the same group in 
i^Ijssissippi. Negroes exhibited the same variability in Boston 
and Bloomington as in Benoit. While the greatest deviations 
occurred in the three large bodies of data collected in Boston 
and Chicago, we are not inclined to attach great significance to 
this, particularly since the smallest deviation in arterial CO2 was 
found in the two Boston groups. The only indication in Table II 
that the races may differ lies in the small standard de\dation in pH 
in the two groups of Negroes. HoNvever, their arterial CO^ is not 
unusually constant. 

Other properties of arterial blood are summarized in Table III. 
There are only a few points in Table III that deserwe special 
mention. The hemoglobin in Negroes is about S per cent less 
than in the white subjects, including white share croppers. This 
we believe to be significant; the data will be presented in more 
detail elsewhere in connection with morphological studies of the 
blood. The serum protein in our party was unusually low in 
Mississippi, although it was wnthin the usual limits in other 
groups there. It therefore appears that “thin’^ blood, while 
not uncommon in the South, is not necessarily a con.sequeuce of 
long residence there. It appears to be a racial characteristic of 
Negroes to have thin blood in the sense of low hemoglobin and 
it ako seems that in the course of acclimatization Whites may 
undergo a temporary’' reduction in serum protein concentratiou. 
Finally, there are two groups in which serum chloride concentra- 
tions are below the usual range; these are the northern Negroes 
and the white share croppers. For this we have no explanation. 

STTMMABY 

The properties of arterial blood do not show a clear cut depend- 
ence on climate or season, nor is the standard deviation in pH 
and arterial CO2, obser\^ed throughout the year in changeable 
climates, much greater than during the summer in the uniform 
humid heat of Mississippi. Blood from superficial veins appears 
to be more alkaline in hot weather; probably this is partially 
dependent on increased flow of blood through the skin. Negroes 
have less hemoglobin than Whites and their arterial pH may be 
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less variable than that of Whites. There is no other evidence 
for racial peculiarities in serum electrolytes. 
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THE EFFECT OF SODIUM CHLORIDE ON THE GLUCOSE 
TOLERANCE OF THE DIABETIC RAT* 


By JAMES ORTEX and HENRY B. DE^TLINf 

{From the Department of Physiological Chemistry ^ University College 

of JfcdicinCj Detroit) 

(Received for publication, July 6, 1940) 

During a study to determine the effect of certain inorganic sub- 
stances on the glucose tolerance of the adult albino rat, it was 
observ^ed that some animals of the strain employed (C!onnecticut 
Agricultural Experiment Station) showed a low tolerance to the 
intraperitoneally administered sugar. The glucose tolerance 
curves obtained on these rats were tyi^ically “diabetic” in nature. 
At this time a similar observation (1) was reported; 60 per cent 
of the Yale strain of rats 90 days of age or older showed a poor 
tolerance to glucose, whereas rats of the Wistar strain had a 
normal tolerance. Some animals, however, had a nearly normal 
tolerance to glucose at one test period whereas at another period 
they showed a low tolerance. The incidence of the low glucose 
tolerance was less in younger animals, all rats 50 days of age or 
less having normal tolerance cur\"es. Some dysfimction of the 
anterior pituitary has been suggested (4) as a possible cause of 
the diabetic tendency in the Yale strain of rats. 

In preliminary studies, the blood sugar values obtained on our 
rats with a low glucose tolerance showed an unusual trend. There 
was the expected sharp rise to a high value 30 minutes after the 
injection of glucose followed by a decrease after the 60 and 90 
mmute inter\"als. Then there was usually a secondary rise which 

^ * Aided by a grant from the Committee on Therapeutic Research, Coun- 
cil on Pharmacy and Chemistry, American Medical Association. 

A preliminary report was made before the American Society of Biological 
Chemists at New Orleans, March, 1940. 

t The data herein presented are taken from a dissertation submitted by 
Henry B. Devlin in partial fulfilment of the requirements for the degree 
of Master of Science in Wayne University, 1939. 
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frequently exceeded the first and which was sustained during the 
remainder of a 5 hour period of observation. During the second- 
ary hyperglycemia, the animals frequently became cyanotic and 
exhibited tetanic contractions of various muscles. The seizures 
lasted for as long as 2 or 3 hours. These symptoms suggested 
that a disturbed electrolyte balance, possibly a lowered sodium 
to potassium ratio, might be involved. Considerable evidence 
supporting such an explanation is available. It has been shown 
(3), for example, that the intraperitoneal injection of solutions of 
glucose causes a migration of sodium and chloride ions into the 
injected fluid, thus producing a decrease in serum sodium and 
chloride. Other evidence showing a relationship between electro- 
lyte balance and the metabolism of carbohydrate will be dis- 
cussed later. 

The present investigation was designed to study further the 
possible relation of sodium chloride to the utilization of glucose 
by rats showing either a hereditary diabetic tendency or a mild 
diabetes resulting from partial pancreatectomy. 

EXPERIMENTAL 

Adult male albino rats of the Connecticut Agricultural Experi- 
ment Station strain fed a stock colony ration were used. Pan- 
createctomized rats were prepared by the usual surgical procedure 
which produces a mildly diabetic animal not requiring insulin. 

A standardized glucose tolerance test was performed on the 
rats after they had been fasted for 16 to 18 hours. Blood samples 
were taken from a tail vein 30, 60, 90, 120, 180, and 300 minutes, 
respectively, after the intraperitoneal administration of 0.35 gm. 
of anhydrous glucose (as an 8.75 per cent solution) per 100 gm. of 
body weight. Blood sugar was determined by the Somogyi micro- 
modification of the Shaffer-Hartraann method (6) on a zinc sul- 
fate-sodium hydroxide filtrate. Extreme care was taken to pre- 
ve'nt any loss of sugar by glycolysis. 

The tolerance to glucose alone was determined three times on 
every control and experimental animal. An interval of at least 
10 days was allowed to elapse between tests. The entire proce- 
dure was then repeated on each animal but this time a glucose 
solution containing sodium chloride was injected. The glucose 
solution was made to contain 1.58 per cent sodium chloride, which 
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is isotonic rntb 8.75 per cent glucose. This concentration of 
sodium chloride was used in order to prevent any migration of 
sodium or chloride ions from the plasma into the injected fluid. 

Results 

It is e\ident from the averaged data given in Table I that all 
of the intact animals did not respond normally to intraperitoneally 
injected glucose. Approximately 30 per cent of the rats showed a 

Table I 

Blood Sugar Values of Intact and Pancrcalcctomizcd Rais Administered 
Glucose by Intrapcritoncal Injection 


350 mg. of c.p. glucose per 100 gm. of body weight were administered 
as an 8.75 per cent solution. The blood sugar values are given in mg. 
per cent. 


Group No. 

No. of 
rats 

"rniD’* blood sugar 

Fast- 

ins 

Min, after slucoee administration 

SO 

} 60 

90 

120 

ISO 

soo 

1. Intact rats, nor- 

25 

82 

207 

201 

184 

159 

156 

127 

mal tolerance 


130 

284 

288 

276 

250 

331 

178 



47 

132 

116 

99 

98 

90 

72 

2. Intact rats, low 

11 

75 

268 

243 

231 

224 

257 

295 

tolerance 


103 ' 

655 

493 

485 

450 

490 

499 


1 

55 

169 

184 

164 

140 

164 

182 

3. Partially pancrea- 

8 : 

89 

309 

318 

322 

320 

337 

307 

tectomized rats 


100 

381 

447 

476 

474 

404 

525 



mm 

226 I 

1 

184 

216 

291 

25S 

128 


The figures for each group represent average, maximum, and minimum 
values, respectively. 


low tolerance to glucose, as determined by the arbitrary criterion 
(1) of a blood sugar content of less than 180 mg. per cent at the 
end of a 5 hour period as the upper limit for a normal tolerance. 
The poor tolerance of these animals to glucose resembles that of 
the partially pancreatectomized animals, except for the fact that 
the latter did not show an early decrease and a subsequent rise in 
blood sugar values which characterize the usual response of 
intact rats with a low glucose tolerance. It should be added, 
however, that the response of some of the rats having a low 
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tolerance was not invariably the same. As has also been observed 
by Cole and Harned (1), alternations between normal and poor 
tolerances were found in a few animals. These rats were arbi- 
trarily classified in the low tolerance group. 

The fact that the volume of the injected solution and its hyper- 
tonicity were not responsible per se for the hyperglycemia and 
tetanic seizures in the rats having a low glucose tolerance was 
demonstrated by the intraperitoneal administration of volumes of 
isotonic solutions of sodium chloride (1.58 per cent) or of urea 

Table II 

Blood Sugar Values of Intact and Pancreatectomized Rats Administered 
Glucose with Sodium Chloride by Intraperitoneal Injection 


The solution injected contained 8.75 per cent glucose and 1.58 per cent 
sodium chloride. The blood sugar values are given in mg. per cent. 


Group No. 

No. of 
rats 

“True** blood sugar 

Fast- 

ing 

Min. after glucose administration 

30 

60 

90 

120 

180 : 

300 

1, Intact rats» nor- 

D 

81 

217 

214 

162 

150 

128 

99 

mal tolerance 

WM 

95 

266 

224 

192 

173 

156 

137 


■ 

73 

241 

204 

145 

136 

116 

85 

2. Intact rats, low 


74 

276 

248 

220 1 

194 

154 

119 

tolerance 


95 

318 

292 

256 

228 

174 

150 


■ 

64 1 

204 

216 

168 

176 

120 

81 

3. Partially pancrea- 

B 

90 

319 

240 

176 

155 

121 

104 

tectomized rats 


156 

429 

419 

368 

344 

238 

162 


■ 

66 

260 j 

180 

105 

105 

76 

76 


The figures for each group represent average, maximum, and minimum 
values, respectively. 


(2.91 per cent) equal to that of the glucose solution used. No 
significant alteration in the blood sugar level occurred within 
5 hours. 

The restilts obtained on the animals given glucose with sodium 
chloride are given in Table II. The tolerances to glucose of the 
normal intact animals were but slightly lowered by the adminis- 
tration of sodium chloride. However, the intact rats with a low 
glucose tolerance and the pancreatectomized rats now showed a 
normal tolerance to glucose. Moreover, none of the animals 
which received the solution of sodium chloride and glucose mani- 
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Tested the s>Tnptoms of muscular tetany seen in the same animals 
given glucose alone. An excessive water intake was obser^'ed in 
these animals, an obserralion previously recorded by Darrow and 
Yannet (3) for animals injected with a hypertonic solution of 
sodium cliloride. 

Another small group of animals, the data for which are not 
included in Table II, was injected with a solution of glucose con-^ 
taining 0.9 per cent sodium chloride. Again there was observed 
a normal tolerance to glucose. 

DISCUSSION 

The obsen^ation that sodium chloride improves the tolerance 
of the diabetic rat to intraperitoneally administered glucose is 
supported hy the results of other types of experiments. For exam- 
ple, ^IcQuarrie and coworkers (5) have found that in some human 
diabetics the ingestion of sodium chloride improves the utilization 
of carbohydrate. The improvement is manifested b^^ a protein- 
sparing action, decreased glycosuria, lowered fasting blood sugar, 
increased respirator}^ quotient, and decreased ketosis. Further- 
more, sodium chloride administration to rats increases the deposi- 
tion of glycogen in the liver (2). 

It also appears possible that the prevention of an altered electro- 
lyte balance by the administered sodium chloride may explain its 
favorable effect on the glucose tolerance. The intraperitoneal 
injection of solutions of glucose alone is known to cause a migra- 
tion of sodium and chloride ions into the injected fluid and to cause 
a decrease in the concentration of these ions in the serum (3). A 
decreased sodium to potassium ratio in the plasma could therefore 
occur. This alteration itself might conceivably produce a hyper- 
glycemia and impair the utilization of the injected glucose, since 
it has been shown (7) that the injection of subtoxic amounts of 
potassium salts into rats produces a marked rise in blood sugar 
and a decrease in liver, muscle, and cardiac glycogen. Further- 
more, the administration of potassium chloride causes an increased 
h3rperglycemia in some diabetic patients (5). Thus, sodium and 
potassium ions appear to have antagonistic effects on carbohydrate 
metabolism. 

^ In the present experiments, the favorable effect of sodium chlo- 
nde might be explained therefore in either of two ways. It 
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appears possible that the secondary rise observed in the blood 
sugar values of the intact rats having a low glucose tolerance when 
they are injected with glucose alone might be a result of a decrease 
in the sodium to potassium ratio in the body fluids and tissues. 
The administration of sodium as the chloride could obviously 
prevent such a lowering of the ratio. On the other hand, the 
presence of sodium chloride in the solution of glucose may have 
exerted a direct favorable effect on the utilization of glucose, 
perhaps by way of an augmented rate of glycogenosis. 

The possibility that the addition of sodium chloride to the 
injected glucose may have produced an increased diuresis and an 
increased renal excretion of glucose should also be considered. 
Preliminary qualitative experiments have indicated that this fac- 
tor is of little importance in improving the glucose tolerance. 
Others (5) have even observed a decreased glycosuria in some 
human diabetics after the administration of sodium chloride. 
However, further quantitative studies on this question are now 
in progress. 

An explanation of the reason why some intact rats show a 
normal tolerance to glucose without added sodium chloride whereas 
other intact rats and partially pancreatectomized animals show a 
normal tolerance only when sodium chloride is also injected is 
not possible at the present time. Obviously, further experi- 
mental work is needed to elucidate these questions. 

SUM1MA.KY 

A study of the effect of sodium chloride on the glucose tolerance 
of intact rats with a low tolerance and of partially pancreatec- 
tomized diabetic rats has been made. 

In contrast to the tjqDically diabetic tolerance shown to glucose 
alone, the tolerances of both types of diabetic rats were normal 
when glucose was administered with sodium chloride. 

The possible importance of the sodium chloride in increasing 
glycogenesis or in preventing a hyperglycemia due to a decreased 
sodium to potassium ratio or in increasing the renal excretion of 
glucose is discussed. 
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RESYNTHESIS OF MUSCLE GLYCOGEN AFTER EXERCISE 

By EUNICE V. FLOCK axd JESSE L. BOLLMAN 

{From the Division of Experimental McdicinCf The Mayo Foundation, 
Rochester, Minnesota) 

(Received for publication, Jul}' 1, 1940) 

Studies in the literature on res 3 Tithesis of glj’cogen after exercise 
show that it occurs even in isolated muscles, although in these 
the conditions are obviously' far from optimal- Fletcher and 
Hopkins (1) (1907) found a 50 mg. decrease in lactic acid in iso- 
lated frog legs in a 2 hour rest period after work. Even according 
to the subsequently^ developed Hill-Mey'erhof theory^ this could 
account for only' a small increase in glyxogen. Mey'erhof (2) 
(1920) found in isolated frog legs which had been stimulated to 
work for 15 to 30 minutes and then were allowed to rest in oxy'- 
gen for 21 to 23 hours an average resymthesis of 123 mg. of 
gly'cogen. 

The resymthesis of gly'cogen in mammalian muscles after w'ork 
in vivo has also been shown to be rather a slow process. After 
contractions affecting practically’’ all the musculature of the intact 
rat Long and Grant (3) (1930) found that resynthesis of glycogen 
was slow and took much more time than the removal of lactic 
acid. An increase of 55 mg. of glycogen occurred in 2 hours but 
complete recovery took 12 hours. Cori and Cori (4) (1933) found 
a more rapid resynthesis after w'ork (a 15 second tetanus) which 
did not greatly deplete the gly'cogen stores; namely’’, an average 
of about 5 mg. per 100 gm. per minute over a 20 minute rest 
period. No increase during 30 minutes of rest after a 30 second 
tetanus in rabbits was found by ^acks and Sacks (5) (1935). 
Flock, Ingle, and Bollman (6) found that resynthesis of gly'cogen 
during rest in rat muscles which had been stimulated to contract 
three times a second for vary’ing time intenmls was a slow process 
and did not occur during the 20 minute period after the starting 
of W'ork when the lactic acid content of the muscles was returning 
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to normal levels. No increase in concentration of glycogen was 
found during continuous work. We have now made further 
studies on the rates of breakdowm and resynthesis of glycogen 
in rat muscles during and after work. 

Procedure 

Male rats weighing from about 180 to 200 gm. -were anesthetized 
with sodium pentobarbital (nembutal) and the skin was loosened 
from the hind legs. The Achilles tendon of the left leg was 
loaded with a weight of 100 gm. and the muscle stimulated directly 
three times a second, each time with one complete cycle of 60 
cycle current. The apparatus^ used for stimulation consisted 
essentially of a disk which rotates three times a second, with a 
movable brush adjusted to make contact in a sector one-twentieth 
of the circle, thus sending a complete cycle of 60 cycle current 
through the muscle three times each second with a voltage of 50 
through a resistance of 20,000 ohms. After varying intervals 
of work and rest this leg was quickly removed and frozen in a 
mixture of carbon dioxide ice and alcohol. The opposite control 
leg was then removed immediately in the same manner. Deter- 
minations of glycogen were made by a modified Pfluger method, 
of lactic acid by the method of Friedemann and Graeser (7), and 
of blood sugar by the Shaffer-Hartmann-Somogyi method (8). 

Results 

The average content of glycogen in the muscles of 94 control 
resting legs expressed as mg. of glucose per 100 gm. of muscle 
was 470 mg. Analyses of stimulated muscles showed that a rapid 
drop in glycogen occurred with 1 minute of work, an average 
amount of 265 mg. disappearing during this time (Fig. 1). The 
breakdown of glycogen proceeded for 2 additional minutes at the 
diminished rate of about 36 mg. per minute. Further breakdown 
occurred at a greatly reduced rate, if at all, but the glycogen did 
not disappear completely. 

When the muscles were allowed to rest after a 3 minute period 
of work, there occurred a gradual increase in glycogen mth con- 
siderable variation in degree. When the glycogen values were 

‘ We are indebted to Dr. E. J. Baldes for the construction of the 
apparatus. 
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compared with the average content of glycogen in the muscles of 
forty-two other rats whicli worked 3 minutes only, it appeared 
that there is little if any increase in 20 minutes, some in 30, an 



135 10 cio 30 40 50 60 UO 

Minutes 


iiG. 1. Muscle glycogen during continuous work. The dots represent 
the content of glycogen in the working legs after varying intervals of con- 
tinuous work. The average amount in 94 control resting legs was 470 mg,; 
standard deviation 71 mg. 

average of 170 mg. in 1 hour, and an average of 200 mg. in 2 hours, 
or less than 2 mg. per 100 gm. per minute during the 2 horn- 
penod (Fig. 2). A similar study was made on muscles whick 
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worked for 1 minute only and were then allowed to rest. In 
these, resynthesis started with the glycogen at a higher level, 



Fig. 2, Muscle glycogen during work and rest. The dots represent the 
content of glycogen at varying intervals after the beginning of work. 
During the first 3 minutes the rats worked, and then rested. The average 
amount in thirt3’’-3ix control resting legs was 505 mg., standard deviation 
96; tha average amount in forty-two legs which worked for 3 minutes was 
133 mg., standard deviation 34. 


that is on the average 205 mg. in contrast to 133 mg. after 3 
minutes work, and proceeded at a somewhat faster rate during 
the 1st hour but again averaged about 2 mg. per 100 gm. per 
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minute over a 2 hour period. A limited number of rats were 
allowed to rest for 2i to 6 hours after 1 minute of work and in 
these practically complete rosynthesis was found in all cases. 

This slow, spontaneous rcsynthesis of muscle glycogen which 
proceeds after the cessation of work is not greatly' modified even 
with great variations in the carboln'drate content of the circulat- 
ing blood. No effect w'as noted wiien lactic acid, largely as the 
sodium salt, was given intrapcritoneally in amounts of 100 mg. 
per 100 gm. before tlie stimulation and at 20 minute inteiwals 

Table I 


Effrcl of Epinephrine* during Period of Resijnthesis 


Rat No. 

Time of rest after 

3 mm. -work 

Glj-cojrcn content 

Blood eugar 


Worked Icj; 

Control leg 


Tn»n, 

riff, prr 100 frj. 

mff, p<r 100 

riff, per 100 ml. 

1 

27 

197 

437 

\ 142 

2 

! 27 

1 129 

1 509 

172 

3 

27 

j 122 

450 

125 

4 

57 

244 

1 323 

185 

5 

57 

18S 

315 

202 

6 

87 

323 

267 

255 

7 

87 

215 

232 

245 

8 

87 

114 

279 

77 

9 

117 

245 

166 

265 

10 

117 

509 

2S9 

230 

11 

117 

463 

325 

198 

12 

117 

183 ! 

149 ! 

148 


•Administered to rats in amounts of 0.1 cc. of 1:10,000 solution of 
epinephrine per 100 gm. before stimulation and at 20 minute intervals 
thereafter, except for Rats 8 and 12 which receiv'ed 0.5 cc. quantities. The 
rats had been fasted 18 hours. 

thereafter. No effect w^as noted w'hen the blood sugar levels 
were decreased by insulin. The resynthesis of glycogen occurred 
during administration of epinephrine w^hich increased blood lactate 
and sugar but which decreased the glycogen content of the muscles 
of the control leg (Table I). 

Although at first administration of glucose appeared to be of 
doubtful value, subsequent experiments have shown that it does 
^crease the rate of resynthesis of glycogen definitely but not 
dramatically. Comparisons of the glycogen following a 1 nain- 
ute period of work with and without glucose were made. 
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The mean glycogen for various intervals of rest after 1 minute 
of work, for animals with glucose and for animals without glucose, 
is shown in Table II. The mean glycogen content at every junc- 
ture of the rest period is greater for the animals with than for 
those without glucose, but is significant only at 44 and 59 minutes 
rest. However, the mean difference for the animals with and 
without glucose for all the periods of rest is 89 ± 26 gm., which is 
statistically significant. It appears that 29 minutes are too short 
a time for much accumulation of glycogen and that after rest of 
more than 1 hour glycogen resynthesis is almost complete in 
both groups of animals. 


Table II 

Effect of Glucose on Resynthesis of Glycogen after 1 Minute of Work 


Tinao of 

I 

Without glucose 

With glucose 

Difference, with 
glucose minus 
without glucose 

rest 

No. of 
rata 

Mean glycogen 1 

-- 1 

No. of 
rata ' 

1 

Mean glycogen 

tnin. 


mg, per tOO gm, ■ 

! 

mg, per JOO gm. 

mg, per 100 gm. 

29 

9 

282 ± 26 

3 ! 

340 ± 59 

58 

44 

4 

360 ± 13 

3 

460 ± 35 

100 

59 

6 

367 ± 20 

4 

551 ± 30 

184 

89 

4 

470 ± 46 

3 

543 ± 58 

73 

119 

4 

446 ± 35 

4 

478 ± 24 

32 

Mpftn 

89 ± 26 





1 


The figure following zfc is the standard error of the mean. 


In other experiments one leg was stimulated to contract for 
3 minutes and then allowed to rest for 29 or 44 minutes. During 
the last 3 minutes of the rest period the opposite leg of the same 
animal was stimulated to contract. The glycogen increase during 
rest was then calculated as the difference of the glycogen content 
of the two legs of the same animal. Rats which received 500 to 
600 mg. of glucose intraperitoneally or intravenously during the 
experiments showed a small but definite increase in the rate of 
resynthesis of glycogen as compared with rats which did not 
receive glucose (Table III). At the end of 29 minutes of rest the 
difference between the mean increase of glycogen for the animals 
Avith and without glucose was 17 ± 14 mg. The difference is 
only 1.2 times its standard error, for which ratio the probability 
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of a chance error is about 10 per cent, so that wc could only say 
at this point that the difference is probably real. However, after 
44 minutes of rest the difference between the increase for the 
animals vdth and without glucose wavS 48 =h 21 gm. The differ- 
ence is now clearly statistically significant. Hines and Ivnowlton 
(9) have shown that glucose administered b}* stomach tube may 
produce unusuall 3 " high values of muscle gljTOgen. After giving 
glucose in this manner (1.25 gm. 6 and 3 hours before the muscles 
were removed), we found the gtycogen content in the control 
muscles to varj" from 600 to 1000 mg., w’hich range is distinctly 
higher than the values w'e found in our other rats. 

It is interesting to observe the changes produced b^" work and 
rest in animals which have these unusuallj^ high amounts of gljTO- 


Table III 

Effect of Glucose on Res^nthesis of Glycogen after 3 Minutes of Work 


Time ol real 

Without glucose ! 

With glucose 

No. of rata 

i Mean glixocca 

1 increase* 

No. of rata 

Mean glj'cosca 
increase* 

■ '1 

mm. 1 


riff, per 100 ffm. 


mff. per 100 cm. 

29 i 

10 

47 i 9 

8 

fit i 11 


10 j 

65 i 11 i 

i n 

113 zh 18 


The figure after ± is the standard error of the mean. 

• Obtained by difference from the control leg of the same animal which 
was worked 3 minutes at the end of the rest period. 


gen in their muscles. As work started, the glycogen broke down 
rapidly but this process continued much longer than in muscles 
with ordinary amounts of glycogen. However, the accumulation 
of lactic acid was not greater and was little, if at all, prolonged. 
Therefore although utilization of glycogen associated with the 
starting of w'ork is accompanied by accumulation of lactic acid, 
subsequent utilization may occur without such acctimulation. 
In a few experiments when after a 1 minute period of work the 
muscles w’ere allow’ed to rest for 18 or 28 minutes and then stimu- 
lated to work another minute, the starting of work again produced 
a large accumulation of lactic acid, 214 to 271 mg. This result 
IS similar to that foxmd in rats with ordinary amounts of glycogen 
but is of greater extent. At the time of removal of the muscles 
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of the rats which had been given large quantities of glucose by 
stomach tube the blood sugar varied from 150 to 225 mg. per 100 
cc. and the blood lactic acid content from 33 to 69 mg. per 100 
cc. Even under these exaggerated conditions the rate of re- 
synthesis of glycogen was still much slower than the rate of 
breakdown but in some cases was definitely faster than under 
more normal conditions. 

Attempts were made to study the resynthesis of glycogen fol- 
lowing the administration of cyanide, iodoacetate, or azide as the 
sodium salts. Such attempts were ineffective, owing to the 
general poisoning of the whole animal, which was rapidly followed 
by death. When these poisons were used in quantities suffi- 
cient to prevent continuation of work after the 1st minute, they 
were without effect on the chemical changes involved in the start- 
ing of work, such as the breakdown of glycogen to lactic acid. 
Under such conditions the effect of these poisons was much the 
same as was obtained from the removal of the circulation. The 
glycogen in the control legs was not greatly affected by the poisons, 
at least over short periods, and the lactic acid content generally 
increased only 20 to 30 mg. Even when muscles were deprived 
of their blood supply by ligation of the aorta or amputation of 
the hind quarters, the glycogen content of control legs did not 
decrease very rapidly. From 9 to 29 minutes after amputation 
the lactic acid content of ten control legs varied from 39 to 70 
mg. Without circulation the muscles were able to work for about 
1 minute only, but they could do this eyen if they had been with- 
out circulation for 20 minutes. During the minute of work glyco- 
gen broke down and lactic acid accumulated just as in rats with 
normal circulation. If muscles which worked 1 minute after 
amputation were allowed to rest for 15 to 25 minutes and then 
were stimulated for 1 minute, no work was performed, although 
an appreciable amount of glycogen was stUl present. 

Comment 

Sacks and Sacks (10, 11) have emphasized the importance of 
differentiating the early or anaerobic phase of work from the 
subsequent “direct oxidative” phase. It appears that glycogen, 
although chieffy involved as a source of energy during the anaer- 
obic phase, may under certain conditions also be involved in the 
oxidative phase. Under our experimental conditions the greatest 
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part of the muscle glycogen broke down during the 1st minute of 
work and produced at this time llic maximal accumulation of 
lactic acid and hexose monophosphate. Wien normal levels of 
gl3TOgcn were available at the beginning of work, a significant 
decrease in gl^'cogen occurred for 2 minutes after the peak of 
accumulation of lactic acid liad been reached. When unusually 
large amounts of glycogen were available, the breakdoTO of glyco- 
gen was greatest during the 1st minute and less for the 2nd and 
3rd minutes and detectable amounts continued to break dowm 
for as long as 30 minutes during continued work. This prolonga- 
tion of the breakdown of glycogen occurred, however, without 
an}’ extension of the period of accumulation of lactic acid. The 
Pasteur enzjmie recentl}^ described by Stern, Melnick, and Du- 
Bois (12) is of considerable interest in this connection. It may be 
that such a catal3’st inhibits the formation of lactic acid from gly- 
cogen very soon after work starts but does not prevent subse- 
quent oxidation of small amounts of gl3Togen for a limited time 
as work continues. 

When muscle gl3’'C0gen was reduced to minimal levels by 3 
minutes of contraction, it was res3aithesized so slowly that a 
rest period of at least 2 hours was required before normal levels 
were again approached. This great discrepanc}’' between the 
rates of h3’drol3’'sis and res3Tithesis definitel}’ limits the period of 
effectiveness of gl3mogea as a source of energ}’' in muscular con- 
traction. Likewise it eliminates the possibilit}^ of explaining the 
Pasteur reaction on the basis of oxidative res3Tithesis, as earlier 
proposed by Meyerhof. Moreover the res3’Tithesis of glycogen 
in intact, mammalian muscle appears to be quite independent of 
the presence of lactic acid, since it does not proceed more rapidl}’’ 
when rest ensues after 3 minutes of work than after 15 minutes 
of work, although the lactic acid content is much higher after the 
shorter period of work. Also large quantities of lactic acid were 
administered without any effect on the rate of res3rQthesis of the 
glycogen. Res3mthesis did not occur without adequate circula- 
tion. The rate of re33Tithesis was increased somewhat by the 
administration of glucose, although the concentration of this sub- 
stance in the blood was certainly not the major limiting factor 
m the rate of deposition of glycogen following muscular acthity. 
The possible importance of the condition of the muscle proteins 
m this connection cannot be overlooked. 
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SUMMABY 

Breakdown of glycogen in muscles during contractions repeated 
three times each second is very rapid for 1 minute, less so for the 
next 2 minutes, and very slow after that. If, however, unusually 
large amounts of glycogen are present, the time of breakdown is 
more prolonged. We were unable to modify the breakdown of 
glycogen and the accumulation of lactic acid in the muscle during 
the 1st minute of work by the administration of sublethal amounts 
of cyanide, azide, or iodoacetate, or by depriving the muscle of 
its blood supply prior to stimulation. 

During rest after work of 1 or 3 minutes duration the resynthe- 
sis of glycogen is slow. Little glycogen has reformed after 20 
minutes, at which time the excess lactic acid has been removed 
from the muscle. The rate of resynthesis is little influenced by 
the presence of administered lactate or the administration of 
epinephrine or by insulin hypoglycemia. The rate of resynthesis 
is increased somewhat by the administration of glucose. 

The discrepancy between the rates of hydrolysis and resynthesis 
of glycogen definitely limits the effectiveness of glycogen as a 
source of energy in continued muscular contraction. 
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THE EFFECT OF TESTOSTERONE ON THE SERUM 
LIPIDS OF NORMAL SUBJECTS 

Bt JOSEPH M, LOONEY and ELIJAH B. ROMANOFF 

{From the Memorial Foundation for N'euro-Endocrinc Research and ike 
Research Service of the Worcester State Hospital, Worcester) 

(Received for publication, Julj^ 25, 1940) 

In a recent publication from these laboratories (1) it was shown 
that injections of testosterone propionate in sesame oil into nine 
schizophrenic patients produced a significant increase in serum 
lipids, while injections of sesame oil alone had no effect. In the 
following paper we wish to present the results of a similar study 
on fourteen normal male subjects. The subjects received 50 mg. 
of testosterone propionate^ daily for 7 days and blood samples 
were taken before treatment and on the day following the last 
injection. Serum lipids were determined by the method previ- 
ously described (2). 


Results 

The results of the investigation are shown in Table I, and the 
significance of these values was tested by means of Fisher’s tech- 
nique for small samples.* It will be noted that the values before 
and after medication show no significant change and that except 
m the case of free cholesterol the values after medication are 
somewhat lower than those before medication. 

nVe are indebted to the Schering Corporation for the testosterone 
propionate used. 

* The following formula was used 

d 

<= IriZdr- (Xd)- 

V n^{n^ 1) 

where d = difference between each pair of values, d = 2d/n = mean dif- 
ference. 
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DISCUSSION 

The results of this study are in agreement with the results 
obtained by Kochalcian and his coworkers (3) on normal and 
castrate dogs. Inasmuch as Randall has shown that the treat- 
ment of schizophrenic patients with injections of testosterone pro- 
pionate (1) produced a significant increase in serum lipid values, 
the failure to obtain such an increase in our normal subjects is 
evidence of a disturbed lipid metabolism in such patients. 

A fundamental difference between the schizophrenic patient and 
the normal subject with regard to the metabolism of male sex 
hormone is shown not only in this action on blood lipids but also 
in the fact that the effect on the excretion of androgens is entirely 

Table I 

Serum Lipids of Fourteen Normal Subjects before and after Injection of 

Testosterone 

The values are given in mg. per cent. 



Before 

After 

f, Fisher 

P 

Total lipid 

535.4 

514.4 


>0.20 

Phospholipid 

200.7 

190.4 


>0.09 

Total cholesterol 

167.8 

160.0 

0.92 

>0.40 

Free 

43.2 

44.1 

0.53 

>0.60 

Ester 

124.6 

115.6 

1.04 

>0.30 


Significance attaches only to values of P < 0.05. 


different in the two groups. Looney and Howe (4) have shown 
that, whereas normal subjects react to injections of testosterone 
propionate by a marked increase in the output of androgens, the 
patients fail to respond and show no such increase. It would 
seem probable that these two findings are in some manner inter- 
connected and that the main difficulty is due to an abnormal 
functioning of the oxidative and reductive functions of the tissues 
in schizophrenic subjects. This assumption is consistent with 
previous findings reported from this laboratory that the basal 
metabolic rate is significantly lower in the patients (5), that the 
relationship between oxygen intake and carbon dioxide output 
differs from that of the normal subject (6), and with other studies 
which point to a defective oxygen metabolism (7). 
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BTJMMAnY 

The injection of 350 mg. of testosterone propionate during a 
period of 7 da>^ produced no significant change in the serum 
lipid values of fourteen normal subjects. 
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STEROIDS OF URINE OF OVARIECTOMIZED WOMEN 
By H. HIRSCHMANN 

{From the Dcparlmcnl of Obstetrics and Gynecology and the Gyncccan Insiitxtlc 
of Gynecologic Research , University of Pennsylvania, Philadelphia) 

(Received for publication, July 25, 1940) 

It is generall}’' believed that most steroids excreted in urine 
are derived from substances elaborated in the endocrine glands. 
In many instances, however, there are definite structural dis- 
similarities between urinarj^ and glandular steroids and little is 
knoTO about their metabolic interrelationships. Current vie^vs 
as to the glandular precursors of urinar}* steroids are based prin- 
cipall}" on a comparison of their stnictures and are supported onl^" 
in a few cases b}" studies of the excretion products resulting from 
injected material. As steroid hormones have so far been found 
in two endocrine glands, the adrenals and the gonads, it seemed of 
interest to study the effect of the removal of one of these organs 
on the steroid content of urine. We have, therefore, greatl}’' wel- 
comed an opportunity provided through the cooperation of the 
staff of the gynecological division of this department to stud}’' 
the urine of ovariectomized women. 

The urine of ovariectomized women has already been examined 
by various investigators using biological and colorimetric methods 
of assay. The urinary' excretion of estrogens (1, 2) and of an- 
drogens (2-4) in such cases was lower than that of normal women, 
while the output of 17-ketosteroids was approximately normal 
(4). The methods used, however, were not specific for any’' one 
excretion product nor applicable to all of the steroids normally 
found in urine. We have therefore attempted to isolate and to 
identify the steroids excreted by such patients. 

The urine used in this study was pooled from several women on 
whom a bilateral salpingo-oophorectomy and hy’sterectomy had 
been performed. The urine was hydrolyzed with acid, extracted 
with benzene, and the extract freed of acidic and phenolic com- 

483 



484 


Urine Steroids 


pounds. No attempt was made to isolate the estrogens from the 
phenolic fraction, since the volume of urine extracted seemed in- 
sufficient for this purpose (2). The neutral fraction was separated 
into ketonic and non-ketonic compounds. Both fractions were 
further separated into substances precipitable and non-precipitable 
with digitonin. The ketones which did not precipitate with digito- 
nin were separated by the chromatographic method of Callow (5). 

The non-ketonic fraction yielded cholesterol and pregnanediol. 
From the ketonic fraction five compounds were isolated. Three 
of these were identified as dehydroisoandrosterone, androsterone, 
and a-3-hydroxyetiocholanone-17.^ The two remaining ketones 
have not been found previously in the urine of women.^ The 
first of these new compounds melted at 109°. The analytical 
figures indicated a formula C19H28O. The oxygen atom is present 
as a carbonyl group. This was suggested by the mode of isolation 
and confirmed by the formation of a semicarbazone. The location 
of this carbonyl group at C17 was indicated by the characteristics 
of the light absorption after treatment with Tn-dinitrobenzene and 
alkali (8). On hydrogenation in the presence of palladium ap- 
proximately 1 mole of hydrogen was taken up. The reaction prod- 
uct was a ketone with analytical figures corresponding to C19H30O. 
On the basis of its melting point and of a mixed melting point with 
known material (9) the reduced ketone was identified as andros- 
tanone-17. The original ketone was, therefore, an androstenone- 
17. A compound of this type with similar melting point (104°, 
uncorrected) and similar crystal form has been obtained by 
Butenandt and Dannenbaum (9) by treating a-3-chloroandros- 
tanone-17 with potassium acetate at 180°. The position of the 
ethylenic double bond of this product was not established. Mar- 

1 The isolation of these three ketones from the urine of ovariectomized 
women has been reported in a preliminary communication (6). 

* These two compounds may be identical with two as yet unidentified 
substances melting at 100° and 181° respectively, which have been obtained 
from the ketonic, non-alcoholic fraction of the urine of normal men by 
Engel, Thorn, and Lewis (7). Dr. Engel has made a direct comparison of 
the lower melting substances obtained in the two laboratories. We are 
indebted to him for the following information. The compound from 
men’s urine melted at 101.5-103° (corrected), that from the urine of ovar- 
iectomized women at 107-108.5° (corrected), while a mixture of both 
melted at 105-107° (corrected). The two substances could not be distin- 
guished by their crystal form. 
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ker, Kaimn, Jones, and MLxon (10) have reported the preparation 
of Arandrostenone-IT (I) melting at 102° from a 3-chIoroandros- 
lanone-17 hy treatment vni\\ boiling quinoline. 

O 



The assignment of structure for this compound was not based 
on direct evidence but apparently on the assumption that the 
removal of hydrogen chloride establishes a double bond between 
C: and Cs such as occurs in a-3-chlorocholestane (a-cholestyl 
chloride) when subjected to the same procedure (10). We have 
treated a-3-chloroandrostanone^ with pyridine and sodium iodide 
(employing conditions similar to those used by Pearlman and 
Wintersteiner (15) in the removal of hydrogen chloride from 7~ 
chloroestrone benzoate) and have obtained an androstenone 
melting at 110°. If no shift of the double bond occurs during the 
reaction, the product is Aj-androstenone-lT or Arandrostenone-17 
or a mixture of both. Its identity with the androstenone iso- 
lated from urine was shown by a comparison of the melting 
points and the rotations of the ketones as well as of the melting 
points of the semicarbazones. A product of similar melting 
point (111°), although in lower yield than by the P3rridine method, 
was obtained by treating a-3-chloroandrostanone-17 with boiling 
quinoline. As this procedure supposedly yields Arandrostenone- 
17, it is of interest that this reaction product likewise did not 
depress the melting point of the urinary androstenone. This 
observation, however, does not seem to provide sufficient evi- 
dence for establishing the position of the double bond of urinary 

* Various starting materials have been \ised for the synthesis of this com- 
pound (9, ll-lS). The ct-S-chloroandrostanone-l? used in this work was 
prepared from androsterone and phosphorus pentachloride according to 
the method of Westphal, Wang, and Hellmann (14). Pearlman and Winter- 
steiner (15) have demonstrated that a carbonyl group at C 17 does not react 
with phosphorus pentachloride under these conditions. 
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androstenone between C2 and C3, since the discrepancies in the 
melting points of various preparations of androstenone obtained 
in this laboratory and elsewhere (9, 10) suggest that some or all 
of these preparations are not homogeneous, but are mixtures 
most likely of A2- and As-androstenone. This view is supported 
by an observation of Wieland, Kraus, Keller, and Ottawa (16) 
who reported that the thermal dehydration of lithocholic acid 
yields a mixture of A2- and As-cholenic acids which cannot be 
separated by fractional crystallization. 

Although the isolation of a urinary steroid that does not carry 
an oxygen atom at C3 is no longer a unique finding (17, 18), the 
question must be raised whether androstenone may not have 
formed during the course of isolation, especially since an identical 
product can be prepared from androsterone in the laboratory. 
The only step which conceivably could have effected such a reac- 
tion was the acid hydrolysis of the urine. It seems unlikely that 
free androsterone (or isoandrosterone) could have yielded andros- 
tenone under the conditions employed, but a conjugated form of 
androsterone may be less stable. Even if androstenone should be 
shown to be an artifact arising from such a precursor, its isolation 
from urine in appreciable amounts is not without interest, since 
similar conditions of hydrolysis are generally used in the deter- 
mination of urinary androgens and 17-ketosteroids. The effect 
of such a reaction on the results of bioassays cannot be stated 
at present, since the androgenic potency of androstenone has not 
yet been determined. In the colorimetiic assay of 17-ketosteroids 
androstenone is equivalent to an equimolar amount of andros- 
terone. 

The second unknown compound found in the ketonic fraction 
was obtained only in very small amounts and has not been identi- 
fied. Although it could not be distinguished from androsterone 
by the absorption spectrum exhibited after treatment with alkaline 
dinitrobenzene nor by its melting point (184°), a marked depres- 
sion of the melting point was observed on admixture with andros- 
terone. 

Dehydroisoandrosterone (19, 20), androsterone (19, 20), a-Z- 
hydroxyetiocholanone-17 (20), pregnanediol (21, 22), cholesterol 
(22), and two estranediols (22) have been isolated from urine of 
normal women. As all of these compounds ^vith the exception of 
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the estranediols have been obtained also from urine of ovariec- 
tomized women, it is evident that in women the excretion of these 
substances does not require the presence of the ovarj% Since the 
17-ketosteroids and the pregnanediol found in the urine of ovari- 
ectomized women must originate in an extraovarian source (pre- 
sumably the adrenal cortex), it seems likely that these substances 
when excreted b}* normal women are derived at least parti}’' from 
the same source. 

The quantities of the 17-ketostcroids isolated by us are appar- 
ently somewhat less than those obtained by Callow and Cal- 
low (20) from urine of normal women. An exact comparison is 
not possible, since the English investigators reported their yields 
in terms of the crude products. In view of this and in considera- 
tion of differences in the isolation procedures employed, of unavoid- 
able losses entailed in the isolation, and of the size of the group of 
patients studied, it seems questionable whether the differences 
in }delds are significant. However, even a precise knowledge of 
the quantitative differences in the urinary excretions of these 
17-ketosteroids of normal and of ovariectomized women would not 
allow one to deduce to what an extent the extraovarian source 
functions in normal women, since the effects of ovariectomy on 
the secretory’’ activity of the adrenals are still unknown. 

The amounts of pregnanediol obtained from the urine of ovari- 
ectomized women (about 0.1 mg. per liter) are significantly less 
than those reported by Yenning and Broume (21) for the urine of 
normal women. The Canadian workers isolated this compound 
in its conjugated form and foimd that its excretion depended upon 
the presence of a corpus luteum. YTiile our findings do not contra- 
dict the view that most of the pregnanediol excreted by normal 
women is derived from the ovary, the data demonstrate that there 
must be an additional source for this excretion product, most 
likely the adrenal cortex. This discrepancy between our con- 
clusions and those of Venning and Browne, however, can be ex- 
plained by the fact that the method for the isolation of the glu- 
curonidate does not allow the estimation of pregnanediol if its 
concentration is less than 0.6 mg. per liter of urine (23). Since 
it has been shown that progesterone is converted into pregnanediol 
in the human (24, 25), and since progesterone has been found in 
ox adrenals (26), it seems likely that the pregnanediol excreted 
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in urine of ovariectomized women is derived at least partially 
from progesterone. As the metabolic conversion of progesterone 
supposedly yields not only pregnanediol, but also other reduction 
products, especially allopregnanediol, a search was made for this 
compound. None, however, has been found. 

Current views as to an adrenal origin of the steroids excreted 
by normal women have been derived mainly from studies of urine 
of women suffering from tumors or hyperplasia of the adrenal 
cortex. Since urine of this type contains substances not normally 
found (27, 28) one is led to suspect that the secretions of these neo- 
plastic or hyperplastic growths may differ from those of normal ad- 
renals not ordy in amount but also in kind. Nevertheless, the 
conclusions drawn from our findings agree on the whole with those 
based on studies of patients afflicted with adrenal disorders. The 
adrenal origin of dehydroisoandrosterone in normal individuals 
has been suggested (4), siuce it was obtained in huge amounts 
from the urine of patients with tumors of the adrenal cortex 
(4, 29). Similarly the excretion of abnormally large amounts of 
pregnanediol in cases of adreno-genital syndrome could be traced 
at least in one instance to a carcinoma of the adrenal cortex (30). 
While etiocholanolone (28) has also been found in urine of this 
type, increased concentrations of androsterone have not been 
reported. Therefore, an adrenal origin of androsterone in the 
female is indicated at present only by its excretion in the urine 
of ovariectomized women. 

During the course of this investigation two reports were pub- 
lished dealing with the effects of gonadectomy on the concentra- 
tions and nature of urinary steroids in the male. Marker com- 
pared the steroid content of the urine of steers (31) and of bulls 
(32). Estrone, dehydroisoandrosterone, and androsterone were 
isolated in approximately the same yields from both sources. 
However, pregnanediol and two allopregnanediols were found in 
the urine of bulls only. Callow and Callow (33) examined the 
neutral ketonic fraction of the urine of a eunuch. The normal 
constituents of this fraction, dehydroisoandrosterone, andros- 
terone, and etiocholanolone, were shown to be present, although 
in a ratio that differed greatly from that found in urine of normal 
men (5) or of ovariectomized women. These studies demonstrated 
that in the male also these neutral 17-ketosteroids cannot be of 
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pure!}* gonadal origin. The conclusions based on the investiga- 
tion of the non-ketonic fraction of steers^ urine, however, differ 
from those presented in this report; for in women the excretion 
of pregnancdiol docs not depend upon the presence of gonadal 
tissue. 

Sdedion of Patients — Urine was collected from ten ovariec- 
tomized women ranging in age from 2S to 44 years. All but one 
had menstruated regularly up to the time of operation. Otherwise 
none had shown any signs of an endocrine disturbance. The 
indication for the operation — a bilateral salpingo-oophorectomy 
and hysterectomy — was in each instance chronic inflammatory" 
disease of the adnexa. Although the ovaries were found to be 
the site of adhesions, the surgeons felt certain that the ovarian 
tissue had been removed completely in each case. Pathological 
examinations of the ovaries demonstrated the absence of malig- 
nant neoplasms. In each case the functional and anatomic 
criteria for complete ablation of the ovaries were checked at 
several postoperative examinations and found to be met satis- 
factorily. The urine collections were not begun until at least 
5 weeks after the ovariectomy and were not continued beyond 
the 7th month after operation. During this time the women 
were in good health. They did not receive hormonal treatment 
before or during the collection period with the exception of one 
woman, who was injected with 20,000 i.tt. of amniotin. However, 
onl}’' a small volume of her urine (1.8 liters) had been extracted 
when this became known. No further collections of urine were 
made in this case. 

CoUeciion and Extraction of Urine — ^The urine was collected 
during the winter months in the patients’ homes in bottles to 
which chloroform or benzene had been added as a preseivative. 
The specimens were brought to the laboratory every 2 or 3 da3rs 
and were stored in a refrigerator until they could be hydrolyzed. 
No urine was found to be alkaline to litmus. To 10 volumes of 
urme 1 volume of concentrated hydrochloric acid was added and 

* All melting points reported are corrected. The microanalyses were 
^rried out by Mr. William Saschek (College of Physicians and Surgeons, 
isew lork), the colorimetric measurements by Mrs. D. Leekley. 
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the- mixture was refluxed for 20 to 30 minutes. The hydrolyzed 
urine in batches of 3.8 liters was extracted with benzene in a con- 
tinuous extractor® for 4.5 to 7 hours. Hydrolysis and extraction 
were completed within 2 to 4 days after the receipt of the urine. 

Fractionation of Extracts — ^The benzene extracts were combined 
periodically, were washed with dilute sodium bicarbonate solution 
and with water, and were taken to dryness in vacuo. The benzene 
residues obtained from 250 liters of urine were distributed between 

3.5 liters of ether and 1 liter of 2 per cent sodium hydroxide solu- 
tion. The ether phase was washed six times with 400 cc. of alkali 
and repeatedly -with water and then taken to dryness. The 
residue weighed 7.99 gm. (Batch I). The neutral fraction ob- 
tained from another 260 liters of urine yielded 9.59 gm. (Batch II). 
Both neutral fractions were separated into ketonic and non-ketonic 
material by means of Reagent T (15 gm.) of Girard and Sandu- 
lesco (34). The ketonic fractions contained 2.54 and 2.92 gm., 
the non-ketonic 4.40 and 5.17 gm. respectively. In the folimving 
sections the fractionation of Batch I is described; unless stated 
othei'wise all yields refer, therefore, to an extract of 250 liters 
of urine. 

The ketonic fraction (2.54 gm.) was dissolved in 27 cc. of 75 
per cent ethanol. A solution of 400 mg. of digitonin in 13 cc. 
of 75 per cent ethanol was added. After this had stood for a day 
the digitonide was collected and washed -with 6 cc. of cold 75 per 
cent alcohol and repeatedly with dry ether. It was dissolved in 

2.5 cc. of pyridine. 25 cc. of dry ether were added. The digitonin 
was removed and thoroughly extracted with ether. The com- 
bined ether solutions were washed with dilute hydrochloric acid 
and with Avater and yielded 64.7 mg. (ketones precipitable with 
digitonin). The supernatant and the washings of the digitonide 
were taken to dryness and repeatedly extracted with ether. The 
ethereal solutions yielded 2.311 gm. (ketones non-precipitable 
with digitonin). 

Ketones Precipitable with Digitonin; Dehydroisoandrosterone — 
The digitonin-precipitable fraction (64.7 mg.) was leached with 
30 cc. of warm carbon tetrachloride (Eastman), which dissolved 
62.4 mg. The solution was passed through a column (160 X 

‘ The extractor used was similar to one designed by Professor F. C. Koch, 
who very kindly sent us a blue-print of his model. 
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16 mm.) of Brockmann’s aluminum oxide. The colored impuri- 
ties were separated into a bro\ni, a purple, and a yellow zone. 
The column was washed with 150 cc. of carbon tetrachloride, with 
300 cc. of carbon tetrachloride containing 0.1 per cent ethanol 
and with 275 cc. of carbon tetrachloride containing 0.2 per cent 
ethanol. These solvents eluted 1.6, 6.2, and 2.7 mg. respectively. 
At this point the yellow zone liad reached tlio bottom of the 
column. Subsequent washings with 175 cc. of carbon tetra- 
chloride containing 0.2 per cent ethanol and twice with 150 cc. 
of carbon tetrachloride containing 0.4 per cent ethanol yielded 
22.0, 14.6, and 3.1 mg. respectively (Fractions a, 5, c). Finally 
325 cc. of carbon tetrachloride containing 1 per cent alcohol eluted 
4.1 mg.; this eluate contained the purple pigment. 

Fractions b and c W'ere combined and reciy’stallized from 80 
per cent methanol. 12.2 mg. of colorless needles were obtained, 
melting at 141-151®. Fraction a 3 ielded 15.7 mg. of a less pure 
product melting at 133-148®. For preparing derivatives both 
preparations of dehydroisoandrosterone w'ere combined. 

Dehydroisoandrostcronc Benzoate — 0.03 cc. of benzoyl chloride 
was added to a solution of 1 1.7 mg. of dehj^droisoandrosterone in 
1 cc. of p3Tidme. After standing for 12 hours at room tempera- 
ture, the benzoate was precipitated by the addition of w’atei*. 
The precipitate was removed by centrifuging and repeatedl 3 ^ 
washed with water. The reaction product show^ed a character- 
istic low" solubility in acetone and was recrystallized four times 
from this solvent. The benzoate melted at 247-251®. A mixture 
with an authentic specimen melting at 254-256.5° melted at 
250-256.5®. 


Calculated. C 79.55, H 8.22 
Found. " 79.18, ‘‘ 8.39 

Behydroisoandrosieronc Acetate — 11.2 mg. of dehydroisoandros- 
terone W’ere dissolved in 0.6 cc. of pyridine and 0.3 cc. of acetic 
anhydride and kept at room temperature for 12 horns. The 
acetate w’as precipitated by gradual addition of cold w’ater. The 
crude product (11.7 mg.) melted at 143-147®. Even after ten 
reciystallizations (eight from dilute methanol, tw"o from dilute 
acetone) the melting point had not become sharp or constant. 
However, the melting point of the final product (161-164®) was 
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not depressed by admixture with dehydroisoandrosterone acetate 
which had been prepared from cholesterol (35). 

Fractionation of Ketones Non-Precipitable with Digitonin — Since 
the chromatographic separation of 2.3 gm. of ketones according 
to Callow (5) would have required considerable amounts of solvent, 
an attempt was made to effect the separation of androsterone 
and Q:-3-hydroxyetiocholanone-17 over a relatively shorter column. 
It appears that this modification is satisfactory for preparatory 
purposes and that after such treatment one recrystallization suf- 
fices for obtaining fractions of approximately the same degree of 
purity as those obtained directly by the original method when 
applied to the neutral ketones from the urine of normal women (20). 

The ketones non-precipitable with digitonin were dissolved in 
40 cc. of carbon tetrachloride and passed through a column 
(290 X 20 mm.) of Brockmann’s aluminum oxide. The column 
was eluted with carbon tetrachloride to which increasing amounts 
of absolute alcohol had been added. The volumes and composi- 
tions of the eluants and the weights and properties of the eluates 
are given in Table I. After Fraction 12 had been collected, the 
colunm was cut into seven parts which were eluted separately 
with methanol, starting with the lowest zone of the column. 
These eluates are also listed in Table I (Fractions 13 to 19). 

Isolation of Androstenone-17 — Fraction 1 failed to crystallize. 
In order to secure more of the ketone isolated from Fraction 2, 
Fraction 1 was subjected to another adsorption procedure. The 
material, which had been stored for several months, was leached 
with 25 cc. of carbon tetrachloride. 25 mg. of an amorphous 
product remained undissolved and were removed by filtration. 
The filtrate was passed through a column (195 X 20 mm.) of 
aluminum oxide. The adsorbent was washed with three succes- 
sive portions of 100 cc. of carbon tetrachloride, which eluted 2 mg. 
and 8 mg. of resinous material and 34 mg. of a crystalline product 
(Fraction la) respectively. Further elution with carbon tetra- 
chloride (150 and 250 cc.) and with carbon tetrachloride containing 
0.2 per cent ethanol (470 cc.) yielded 3.8, 2.8, and 8.7 mg. of semi- 
crystalline products. By continued elution only colored resinous 
material was obtained. Fraction la was recrystallized twice from 
dilute methanol. 20.9 mg. of colorless rectangular plates were 
obtained, melting at 107-109°. The melting point could not be 
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raised by further recr^'stulluation. Admixture ^nth specimens of 
androstenone prepared from a-3-chloroandrostnnone by the pyri- 
dine method (melting at 110® and 114.5® respectively) or by the 

Tablk I 


Ckromaloffraphic Analysis oj Keionoi Non-PrccipUahlc tciih Digitontn 
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quinoline method (10) (melting at 111°) did not depress the 
melting point. 

Analj/sw— Ci,H„0. Calculated. C 83.77, H 10.36 
„ , . ^ Found. " 83.63, " 10.24 

«olaqon-(a]g = +152“ (0.5% in 95% ethanol) 
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On treatment with alkaline dinitrobenzene a purple pigment 
formed. Data on its absorption characteristics are given in 
Table II. 

The ketonic fraction derived from Batch II yielded on similar 
treatment 36 mg. of rectangular plates melting at 96-102°, On 
further recrystallization the melting point was raised to 104.5° 
(the sample softened at about 93°). Admixture with androstenone 
obtained from Batch I did not depress the melting point. This 
material was used for preparing androstenone semicarbazone and 
androstanone. 

Androstenone-17 Semicarbazone — A solution of 9 mg. of andros- 
tenone, 30 mg, of semicarbazide acetate, and 4 mg. of potassium 

Table II 


Extinction of Pigments Formed with Alkaline m-Dinitrobenzene 
{Zimmermann Reaction) 


1 

Compound 

Amount 

1 

Extinction at 


420 mfi 1 

520 mfi 1 

1 

540 m/1 

660 xn/i 

Androstenone-17 

y 

60 

0.20 

0.25 

0.61 

0.55 


Ketone melting at 184® 

64 

0.18 

1 0.22 

0.61 

0.55 

isi 

Androsterone 

64 

0.17 

1 

1 0.22 

1 

0.59 

0.53 

ill 


The reaction was carried out as described by Callow et al. (8). The 
extinction (—log T) was determined with an Evelyn photoelectric color- 
imeter with filters with maxima of transmission at the wave-lengths indi- 
cated in the table. 

acetate in 1 cc. of 90 per cent ethyl alcohol was heated under a 
reflux on a steam bath. A precipitate formed within a few min- 
utes. After 1.5 hours the mixture was allowed to cool and a small 
volume of water was added. The semicarbazone was separated 
by centrifuging and thoroughly washed with water. The crude 
product (9.8 mg.) was very sparingly soluble in ethanol. It was 
dissolved in glacial acetic acid and precipitated by the addition 
of ethanol. The final product melted with decomposition at a 
temperature that varied appreciably with the speed with which 
the sample was heated. The melting points which were observed 
on various determinations ranged from 283 ° to 295°. Androstenone 
semicarbazone prepared from synthetic androstenone-17 showed 
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the same behavior. There was no depression oi the melting 
points when the two preparations were mixed. 

Analysts— [Samplo dried at 110° in vacuo) 

CtoHnNjO. Calculated, N 12.76; found, X 12.12 

Androsfanonc-17 — 16 mg. of androstenone, 425 mg. of reduced 
palladiumized calcium carbonate (1 per cent) (36), and 11 cc. of 
ethanol were shaken in an atmosphere of hydrogen until the reac- 
tion ceased (15 minutes). 1.3 cc, of hydrogen (27®, 761 mm. 
of Hg) were taken up. The reaction product was fractionated 
by means of Girard^s Reagent T, The ketonic material (15 mg.) 
thus obtained was recty’stallized from dilute acetone and yielded 
13 mg. of hexagonal platelets melting at 121-122®. Admixture 
with a specimen of androstanone-17 (melting at 121-122°) obtained 
by catalytic reduction of synthetic androstenone-17 did not 
depress the melting point. 

Analysis— Cit'H.ioO. Calculated. C S3. 15, H 11.02 
Found. " 82.76, " 10.82 

Preparation of Androslenone~17 — 51 mg. of a-3-chloroandros- 
tanone-17 melting at 172-174®, 400 mg. of sodium iodide, and 
2 cc. of pyridine were refluxed for 40 hours under anhydrous condi- 
tions. The reaction mixture was distributed between ether and 
water. The ether was washed with dilute sodium sulfite solution, 
with dilute hydrochloric acid, and with water. The ether yielded 
25 mg. of almost colorless crystals. Upon recrystaUization from 
methanol, dilute methanol, and dilute acetone 19 mg. of rectangu- 
lar platelets were obtained that showed a constant melting point 
of 107,5-110°. Rotation, = +151® (0.8 per cent in 95 
per cent ethyl alcohol). 

Another batch of androstenone prepared by the same method 
melted at 111-114.5®. The melting point could not be changed 
by further recrystallization. 

Analysis-Cii'Et^O. Calculated. C 83.77, H 10.36 
Found. ** 83.96, 10.21 

The lower melting preparation was used for obtaining reference 
specimens of androstenone semicarbazone and of androstanone. 

Ketone Melting at ISJif — ^Fraction 2 was sublimed in a high 
vacuum (about 10~^ mm. of Hg) at 80®. The sublimate (5.6 mg.) 
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was recrystallized three times from methanol. 1 mg. of colorless 
prisms was obtained, melting at 183-184°. A mixture with 
androsterone melted at 148-165°. An approximate absorption 
spectrum of the pigment produced on treatment with 7ra-dinitro- 
benzene and potassium hydroxide is given in Table II. 

Androsterone — Fractions 7 and 8 were combined and recrystal- 
lized four times from aqueous ethyl alcohol. 100 mg. of colorless 
prisms were obtained, melting at 182-183°. No change in melting 
point was observed when a sample was mixed with an authentic 
specimen of androsterone melting at 182-183°. 

Analysis — CnHjoOa. Calculated. C 78.57, H 10.41 
Found. “ 78.64, “ 10.46 
Rotation — [a]” = -1-97° (1% in ethanol) 

Fraction 6 was recrystallized from dilute alcohol and from the 
last three mother liquors obtained in purifying Fractions 7 and 8. 
97 mg. of androsterone were obtained, melting at 175-178°. A 
further crop (21 mg.) of crystals with the same melting point was 
isolated from the mother liquors by high vacuum distillation and 
recrystallization. The identity of these preparations was con- 
firmed by mixed melting point determinations with androsterone. 

Androsterone Benzoate — A pyridine solution of androsterone 
melting at 183° was treated for 12 hours with benzoyl chloride 
at room temperature. The mixture was diluted with water and 
taken up in benzene. The benzene layer was washed with sodium 
carbonate, with hydrochloric acid, and with water and was taken 
to dryness. The benzoate was recrystallized from absolute 
alcohol. The final product, an authentic specimen of andros- 
terone benzoate, and a mixture of both all melted at 178-179°. 

a-S-Chloroandrostanone-17 — 109 mg. of androsterone melting at 
177-181° were dissolved in 8 cc. of chloroform. 110 mg. of dry 
calcium carbonate were suspended in the solution. The stoppered 
reaction vessel was placed in an ice bath and kept agitated while 
156 mg. of phosphorus pentachloride were added in small portions 
during a period of 35 minutes. After 10 more minutes of shaking, 
10 cc. of a cold 7 per cent sodium bicarbonate solution were added. 
The mixture was extracted with benzene, and the aqueous phase 
was separated, acidified, and extracted with benzene. The com- 
bined benzene extracts were washed with dilute hydrochloric acid, 
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with sodium bicarbonate solution, and with water, and jdelded 
on evaporation 114 mg. of cr^^stalline material. Upon recr^^stal- 
lization from alcohol 62 mg. of colorless needles were obtained, 
melting at 172-174®. The mother liquors yielded another 9 mg. 
melting at 170-172®. 

Anolysis—CiiUziClO, Calculated. C 73.8S, H 9.4G 
Found. “ 73.7S, ** 9.05 

a-3-Hydroxyctiocholanonc~17 — Fractions 11 and 12 were com- 
bined and were rccrj^stallized five times from aqueous alcohol. 
This product (94 mg.) melted at 145-146.5° and was still slight!}' 
pigmented. Colorless needles melting at 144-147° were obtained 
upon recrj'stalHzation from a mixture of benzene and petroleum 
ether (about 1:1). 

Analysis — CnHjoOj. Calculated. C 78.57, H 10,41 
Found. “ 78.72, “ 10.57 
[alS = +109® (1% in ethanol) 

The second to fifth mother liquors of Fractions 11 and 12 were com- 
bined with Fraction 10 that had been recrystallized once. On re- 
ciystallization 62 mg. of etiocholanolone ivere obtained, melting at 
144-147.5° Fractions 13 and 14 were freed from an impurity that 
was only sparingly soluble in absolute alcohol and yielded 96 mg. 
on recrystallization from dilute alcohol. This product melted at 
142-151°. Fraction 15 w'as combined with the mother liquors 
obtained in the purification of the preceding fractions and dis- 
tilled in a high vacuum at 150°. The distillate after reciy'stalliza- 
tions from dilute acetone and from a mixture of benzene and 
petroleum ether yielded another 31 mg. of etiocholanolone melting 
at 139-149°. There was no depression of the melting points w'hen 
the various preparations of a-3-hydroxyetiochoIanone-17 were 
mixed with each other. 

ct'S-HydroxyeiiocholanoneAT Benzoate — 19 mg. of etiocholano- 
lone (melting at 147°) were dissolved in 1 cc. of pyridine and were 
treated with 0.06 cc. of benzoyl chloride at room temperatui'e. 
The benzoate upon several recrystallizations from absolute alcohol 
melted at 163-164,5°. 

jlTwIysfs—CsgHjiOj. Calculated. C 79.14, H 8.69 
Found. ** 79.13, “ 8.97 

78.93, 8.54 
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a-S-Hydroxyeiiocliolanone-17 Acetate — 18.2 mg. of etiocholano- 
lone were acetylated in the usual manner. The crude product 
(21.4 mg.) could be obtained in crystalline state only after it had 
stood for several weeks in the ice box. When seeding crystals 
were available, no difficulty was encountered in recrystallizing this 
material from dilute methanol. The acetate melted at 93-95®. 

Fractionation of Non-Ketonic Material — 50 cc. of 95 per cent 
alcohol were added to the non-ketonic fraction obtained from 
Batch I (4.40 gm.). The mixture was brought to a boil and kept 
at room temperature overnight. The dark residue which failed 
to dissolve was removed by centrifuging and was washed with 
25 cc. of 80 per cent alcohol. To the combined supernatants a 
solution of 975 mg. of digitonin in 25 cc. of 90 per cent alcohol 
was added. A digitonide precipitated and was separated after 
40 hours standing at room temperature. It was washed with 
25 cc. of cold 90 per cent alcohol and six times with ether, and 
was decomposed in the usual manner. The digitonin-precipitable 
.fraction (196 mg.) crystallized readily. The mother liquor and 
the washings of the digitonide were combined, taken to dr3mess, 
and repeatedly extracted with ether. The extract yielded 3729 mg- 
of a dark resin (non-ketonic fraction non-preeipitable with 
digitonin). 

Non-Ketonic Fraetion Precipitable with Digitonin; Cholesterol — 
The non-ketonic digitonin-precipitable fraction (196 mg.) was 
recrystallized from 95 per cent ethanol, from methanol, and from 
petroleum ether. The resulting crystals (92 mg.) melted at 
147-149°. A mixed melting point with authentic cholesterol 
showed no depression. The mother liquors yielded another 37 mg. 
of ‘cholesterol melting at 145-147°. An acetate was prepared 
which melted at 114-115°. Its melting point remained unchanged 
upon admixture with an authentic specimen of cholesterol acetate. 

Non-Ketonic Fraction N on-Precipitahle with Digitonin; Preg- 
nanediol — The non-ketonic fraction which did not precipitate with 
digitonin (3729 mg.) was taken up in carbon tetrachloride and 
passed through a column (200 X 30 mm.) of aluminum oxide. 
The column was eluted with 2.4 liters of carbon tetrachloride and 
1.3 liters of carbon tetrachloride containing 10 to 30 per cent 
of ether. These eluants developed a chromatogram exhibiting a 
great number of distinct colored zones. However, the seventeen 
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fractions that were collected during the elution failed to crystallize 
and their description is therefore omitted. The column was then 
washed vdih approximately 500 cc. of methanol which yielded 
1.909 gm. of resinous material. This residue was dissolved in a 
small volume of acetone. An amorphous precipitate formed which 
proved to be insoluble in ethanol. It was discarded. After 
several days a cry’stalline precipitate formed in the acetone mother 
liquor. The precipitate was washed 'v\‘ith cold acetone and freed 
from material insoluble in alcohol. After recrystallization from 
acetone and from dilute alcohol the product (28.6 mg.) melted at 
235-237°. A mixture vdth a sample of pregnanediol prepared 
from sodium pregnanediol glucuronidate melted at 235.5-238°. 

23.5 mg. of pregnanediol were dissolved with warming in 2 cc. 
of pyridine and 1.2 cc. of acetic anhydride and kept at room 
temperature for 15 hours. The excess of acetic anhydride was 
hj^drolyzed by the addition of water. The acetate was isolated 
in the usual manner and recr 3 ’'stallized from methanol. It was 
obtained in two modifications, one melting at 165-166°® and the 
other at 179.5-180°, Both modifications when allowed to solidify 
after fusion usually melted at 166°. A mixture of the high melting 
modification (m.p. 177.5-179.5°) with an authentic specimen of 
pregnanediol diacetate melting at 179.5-180.5° melted at 179- 
180.5°, When the specimens were remelted, the melting points 
were 165°, 166°, and 166° respectively. 

Analysis — CJ 5 H 40 O 4 . Calculated. C 74.21, H 9.97 
Found. “ 73.65, “ 9.92 

Similar amounts of pregnanediol were obtained from the non- 
ketonic fraction of Batch II by a less involved procedure. The 
material was freed from pigments insoluble in 95 per cent alcohol 
(70 cc.) and distilled in a high vacuum for 21 hours while the tem- 
perature was raised to 150°. The distillate (2.7 gm.) was dissolved 
in 5 cc. of acetone. On chilling, a semicrystalline precipitate 
(117 mg.) formed which was separated. The supernatant was 
concentrated and seeded with allopregnanediol.'^ No further pre- 

® Preparations of pregnanediol diacetate with a similar melting point 
have been described previously (37, 27). 

^ Allopregnanediol was obtained through the courtesy of Dr. O. Kamm 
of Parke, Davis and Company. 
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cipitate formed even when the solution was kept at —12°. The 
precipitate was repeatedly recrystallized from acetone. The final 
product melted at 226-232°. It was acetylated and yielded after 
several recrystallizations 21 mg. of pregnanediol diacetate melting 
at 177..5-179°. The mother liquors were combined with the 
acetylated mother liquors of the free diol. The material (97 mg.) 
was taken up in petroleum ether and adsorbed on alumina. Frac- 
tional elution with the same solvent and with petroleum ether con- 
taining 5 to 20 per cent of benzene yielded two distinct crystalline 
fractions in addition to small amounts of resinous products. The 
crystalline material which was eluted more readily (10.8 mg.) 
was recrystallized from methanol. The final product (2.6 mg.), 
which presumably still contained impurities, melted at 104-109°. 
It has not been identified. 

Analysis — C 22 H 34 O 4 . Calculated. C 72.89, H 9.45 
C 23 H 36 O 4 . " ” 73.36, " 9.64 

Found. " 72.94, “ 9.94 

The other crystalline fraction (28 mg.) was obtained from three 
eluates which all melted above 150°. It 3 delded upon recrystal- 
lization 13 mg. of pregnanediol diacetate melting at 176-179°. 
When a synthetic mixture of pregnanediol diacetate and allo- 
pregnanediol diacetate^ was subjected to the same chromato- 
graphic procedure, it was found that allopregnanediol diacetate 
was less readily eluted than its stereoisomer. The data obtained 
seem to indicate that the crude specimen of pregnanediol that was 
isolated did not contain appreciable amounts of allopregnanediol. 

SUMMARY 

Dehydroisoandrosterone, androsterone, a-3-hydroxyetiochol- 
anone-17, pregnanediol, and cholesterol have been obtained from 
the urine of ovariectomized women. 

In addition two other 17-ketosteroids have been isolated, one 
of which has been shown to be identical with a preparation of 
androstenone-17 obtained from a-3-chloroandrostanone-17. 

The preparation a-3-chloroandrostanone-17 from andros- 
terone is described. 

It is suggested that in women dehydroisoandrosterone, andros- 
terone, a-3-hydroxyetiocholanone-17, and pregnanediol are derived 



H. Hirschmann 


501 


at least partially from substances that are formed in the adrenal 
cortex. 

The author is greatly indebted to Professor C. Bachman for his 
assistance in the selection of patients and for his helpful interest 
throughout the course of this investigation, 
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KETOGENIC ACTION OF ODD NIHVIBERED CARBON 
FATTY ACmS 


Br EATON AUcIvAY, ARNE N, WICK, and CTiTlUS P. BARNTJM 
{From the Scripps Metabolic ClintCj La Jollaj California) 

(Received for publication, July 25, 1940) 

The statement is commonly made that unlike even numbered 
carbon fatty acids the odd numbered carbon fatty acids do not 
give rise to acetone bodies in the mammalian organism. It was 
shown long ago that propionic acid (1) and its higher homologues 
valeric and heptylic acids (2) could form glucose in the phlorhirin- 
ized organism. This led to the conclusion (3) that higher fatty 
acids with xmeven numbers of carbon atoms yielded glucose in 
so far as they might form propionic acid by P oxidation. This 
glycogenic action of the odd numbered carbon fatty acids has 
more recently been demonstrated in a very convincing manner by 
Deuel et ah (4), who showed a consistent increase in the hepatic 
glycogen of rats after feeding propionic, valeric, heptylic, and 
pelargonic acids. Since the levels of liver glycogen were in the 
same range, they concluded '^that P oxidation proceeds in a rela- 
tively quantitative manner with fatty acids ha\ing an odd num- 
ber of carbon atoms.” Since P oxidation of the even numbered 
carbon fatty acids gives rise (5) to acetone body formation, why 
should it not do so from the odd numbered carbon fatty acids. 
In other words what is the fate of the carbon atoms removed 
during their oxidation to the 3-carbon glucose-forming moiety? 
Since the odd numbered carbon fatty acids may form glycogen, 
it has been difficult to conceive of them as forming acetone bodies 
at the same time. However, the recent observation that short 
chain even numbered carbon fatty acids may give rise to acetone 
bodies in the presence of large amounts of liver glycogen and 
danng the formation of glycogen by other compounds (6) makes 
this possibility less unreasonable. The question with which our 
experiments are concerned is whether odd numbered carbon fatty 
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acids higher than propionic may form acetone bodies as well as 
glycogen. 


Methods 

The odd numbered carbon atom fatty acids are rather toxic. 
The ethyl and glycerol esters are less toxic in the order named. 
Both esters were used, depending on their availability. Experi- 
ments on rats showed that the absorption of these fatty acids is 


Table I 

Details of the Experiments Shown in Fig. 1 


Ex- 

Weight 

of 

rabbit* 



Doses of fatty acid fed 

Liver 
glyco- 
gen at 
end of 
experi- 
ment 

peri- 

mont 

No. 

Fatty acidf fed 

Aa fatty acid 

As 

acetone 

bodiest 


hg. 



mAf per kg. 

mif per 
kg. 

per cent 

1 

1.6 

Ca, 

propionic 

99.5, 0 hr.; 99.5, 2 hrs. 

0.0 

3.8 

2 

3.0 

Ce, 

valeric 

25.6, 0 " ; 25.6, 4 “ 

25.6 

3.2 

3 

1.8 

It 

tt 

48.8, 0 “ ; 48.8, 2 “ 

48.8 

8.5 

4 

2.1 

Ct, 

heptylic 

33.8, 0 " ; 33.8, 3 " 

67.6 

7.7 

5 

1.8 

tt 

tt 

37.2, 0 " ; 37.2, 4 “ 

74.4 

8.9 

6 

2.4 

Co, 

pelargonic 

22.4, 0 “ ; 22.4, 3 “ 

67.2 

7.5 

7 

2.2 

tt 

tt 

22.4, 0 " ; 11.2, 3 “ 

50.4 

4.2 

8 

3.0 

Cn, 

undecylic 

14.8, 0 “ ; 14.8, 2 “ 

59.2 

5.9 


* Female rabbits were used except in Experiment 3. 
t The fatty acids were fed in the form of the ethyl esters in Experiments 
2, 6, 7, and 8 and in the form of the glycerol esters in the other experiments. 

t Calculated on the assumption that all of the carbon atoms over 3 
of all these fatty acids are capable of conversion to acetone bodies. 

very slow in comparison with even numbered carbon fatty acids 
in whatever form they are fed. For this reason observations 
Avere extended over a considerable period of time. Fully fed 
rabbits were used. The esters were administered by stomach 
tube and at varying intervals thereafter arterial blood specimens 
were drawn from the heart. Acetone bodies were determined on 
the blood specimens by the method of Barnes and Wick (7) and 
the liver glycogen concentration was determined (8) at the end 
of each experiment. Typical results are presented in Table I 
and Fig. 1. 
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ResuUs 

The data presented here show that propionic acid (C 3 ) does not 
give rise to acetone bodies. All of the other fatty acids examined 
(Cs to Cii) proved to be ketogenic. Although not strictly com- 
parable, the doses of fatty acids administered were of the same 
order of magnitude. The variations in the blood acetone bodj^ 
curves are probably due cliiefly to differences in absorption rates. 



T'ig. 1. Effect of feeding ester of odd numbered carbon fatty acids on 
blood acetone body concentration of fed rabbits. 

Undecylic (Cu) acid for instance is absorbed at a much lower rato 
in terms of mil than heptylic acid in the rat. 

DISCUSSION 

^ From the data presented here we have evidence for the forma- 
tion of acetone bodies from fatty acids, which may simultaneously 
form glycogen. 

Embden (9) found that the perfusion of a liver with fatty 
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acids containing an odd number of carbon atoms in the chain 
did not increase the amount of acetoacetic acid in the perfusate. 
There are many possible explanations for this, the most likely one 
being the failure to use or being able to use a concentration of 
fatty acid high enough in terms of possible acetone formation to 
give a measurable increase. It is almost impossible to demon- 
strate the ketogenic activity of the odd numbered fatty acids 
through the slow intravenous injection of their sodium salts in 
the intact animal. Their toxicity makes it impossible to inject 
them at a high enough rate. 

Butts (10), Deuel (4), and coworkers reached the conclusion 
that the Cg, C7, and C3 acids were not ketogenic and that (Cb) 
valeric acid was only slightly so, if at all. The explanation of 
their results rests on the fact that the conclusions were based on 
observations of the ketonuria, and the glycogen-forming pro- 
pensity of these acids would so reduce or abolish the acetone body 
formation from endogenous sources as to make ketonmia observa- 
tions of little value. The acetone bodies have a rather high renal 
threshold and, without their formation from endogenous sources, 
it is almost impossible to administer enough of any ketogenic 
substance which is ketogenic in the presence of adequate carbo- 
hydrate stores to raise the blood acetone body level high enough 
for the production of a measurable ketonuria. 

The odd chain fatty acids have the peculiar property of being 
antiketogenic in so far as the production of acetone bodies from 
endogenous sources is concerned but are ketogenic (except for 
propionic) when their own fate is considered. 

Confirmation of our results in the intact animal is given by the 
observations of Jowett and Quastel (11) with liver slices. They 
found that acetoacetic acid was produced by C9, Q, and Cb acids 
but not by (C3) propionic acid. 

The fact that valeric acid yields acetoacetic acid is strong 
evidence in favor of the jS oxidation-acetic acid condensation 
hypothesis of acetone body formation from fatty acids (5), for 
3 of the 5 carbon atoms of valeric acid presumably go to form 
glycogen (2, 4). 

SUMMAKY 

In fed rabbits with adequate amounts of liver glycogen and 
without a ketosis the feeding of odd numbered carbon fatty 
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acids higher than propionic in the form of their ethyl or glycerol 
esters leads to an increase in the level of acetone bodies in the 
blood. ■\'^aleric, heptylic, pelargonic, and undecylic acids were 
all ketogenic. 
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MANOMETRIC CARBON DETERMINATION 

Bt DONALD D. VAN SLYKE and JORDI FOLCH 
With the Assistance or John Tlazis 

(From the Hospital of The Rockefeller Jnstilute for Medical Research^ 

Nexo For/;) 

(Received for publication, July 24, 1940) 

The method here described depends on combustion in a mixture 
of chromic, iodic, sulfuric, and phosphoric acids. With all types 
of organic substances thus far tried this mixture gives theoretical 
yields of carbon dioxide v*ith 1 to 3 minutes boiling. The CO 2 
is absorbed in alkali solution in the Van Slyke-Neill manometric 
apparatus and then determined by a development, modified in 
most details, of the procedure introduced by Backlin (1) and 
refined by Van Slyke, Page, and Kirk (13). For absorption of 
the CO 2 a solution of NaOH and hydrazine is used, the hydrazine 
serving to reduce any halogens evolved during the combustion. 

No changes in the present method are required by the presence 
of nitrogen, sulfur, halogen, alkali metals, nor, so far as has been 
ascertained, any other of the substances that interfere with the 
usual forms of the diy combustion (6). 

The same apparatus serves for suhmicroanalyses with 0.3 to 
0.7 mg. of carbon, for viicroanalyses with 2 to 3.5 mg., and for 
inacroanalyses with 8 to 15 mg. In the submicroanal 3 ’'ses the 
mean error is of the order of 1 part in 200, w’hile in the micro and 
macro it is of the order of 1 in 500. The time routine!}’' required 
for an analysis, after the sample has been w^eighed or measured, 
is about 15 minutes. For precise carbon determinations to iden- 
tify organic compounds in the writers’ laboratory the method has 
replaced the dry combustion. 

For analyses of pure compounds w’et combustion methods have 
hitherto never attained acceptance by the organic chemist, al- 
though for many years such combustions have been used for exact 
or approximate carbon determinations in special materials. 
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Past failure of the wet combustion to find a place in the organic 
laboratory appears due to the fact that the oxidizing solutions 
used did not give completely quantitative results with the more 
diflficultly combustible compounds. The chromic acid oxidizing 
mixture of Friedemann and Kendall (4), for example, gave 99 to 
100 per cent of theoretical CO 2 yields with a series of twenty 
organic substances, except stearie acid and carbazole, with which 
the yield was 98 to 99 per cent. The chromic acid mixture used 
by Van Slyke, Page, and Kirk (13) was similar to that of Friede- 
mann and Kendall, except that it contained less water and was 
for that reason somewhat more vigorous in oxidation. Iodic acid, 
introduced by Strebinger (10), and used by Stanek and Nemes (9) 
and by Christensen and Facer (2), gives theoretical yields of CO 2 
with some compounds, but is slower than chromic acid in its 
action. In the experience of the writers, iodic acid, even more 
than chromic, falls short of quantitative results with some of the 
difficultly combustible substances; also it has shown such un- 
predictable variations as to yield a theoretical carbon with tyro- 
sine, but only 70 per cent with tryptophane. It is accordingly 
not surprising that the only wet combustion sanctioned for ele- 
mentary carbon determination by Meyer (6) is one in which the 
gases freed by chromic acid oxidation are passed through a regular 
combustion tube to assure complete oxidation. Since this pro- 
cedure combines the complications of the two types of combustion, 
Meyer naturally recommends it only for materials which resist 
analysis by the dry combustion. 

In arriving at the present combustion mixture, catalysts such as 
silver salts (7) and ceric salts (5) used by previous analysts with 
the wet combustion were added to chromic acid mixtures in anal- 
yses of such difficultly oxidizable substances as cholesterol, palmitic 
acid, and pentaacetyl glucose, and were found to be without 
benefit. The CO2 3 delds remained below the theoretical. Vari- 
ous other catalytic and oxidizing adjuvants were tried with 
entirely negative results. The only exception was iodic acid 
which, added to chromic acid, did increase the yields. Possibly 
the effect is due to the specific ability of iodic acid to oxidize CO 
to CO2. The low yields of CO2 with former chromic acid methods 
have been attributed to the escape of some of the carbon in the 
form of CO (3). In studies of the effect of water content on the 
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completeness of combustion it was furthermore found, in accord 
with Fiiedemann and Kendall (4), that the more anliydrous mix- 
tures burned more rapidly and completel 3 \ Hence the present 
mixture was evolved, which is a solution of chromic and iodic acids 
in a nearl}" anh 3 '’drous medium of sulfuric and phosphoric acids. 

So few details of the apparatus, reagents, and manipulation of 
Van Sl 3 "ke, Page, and lOrk (13) remain unchanged that it has 
proved simpler and more concise to describe the present procedure 
completely, rather than to attempt to refer the reader to those 
details of the original that remain unaltered. 

jnCRO- Am> SUBMICROCOMBUSTIO^'^S 

Apparatus^ 

The apparatus used for the combustion is shown in Figs. 1 and 
With changes in details it is the same used b^’’ Van Sl^^ke, Page, 
and Kirk (13). The combustion tube, T, and the connecting tube 
Q are made of PjTex glass. The core of the cock below F must 
also be of Pyrex glass, or unequal expansion when the apparatus 
warms in use ma^’' cause the cock to stick. 

Accessory apparatus is shown in Figs. 3 and 4. 

In Fig. 5 is shown the construction of a sheet aluminum scoop 
and coimterpoise that have proved convenient for weighing sam- 
ples on the microbalance. For handling the scoop one uses small 
crucible tongs with chamois skin glued to the inside of the jaws. 
If the scoop were handled with unprotected metal jaws, the 
aluminum would be worn off at a rate which would rather rapidly 
dmdnish its weight, 

Alundum (crystalline alumina) pieces to promote smooth boiling 
of the combustion mixture are cleaned by boiling them in combus- 
tion fluid, washing with water, and diydng. They are kept 
protected from dust in a small Petri dish. The pieces, 1 to 2 mm. 
long, are size No. 14 of the Norton Company. Presumably 
sand of similar particle size would do as well. 

Reagents — 

Chromic acid combustion fluid. In a 1 liter Pyrex Erleruneyer 
flask, provided with a groimd glass stopper, place 25 gm. of Cr^ 5 , 

^The apparatus can be obtained from Eimer and Amend, and from 
E. Ivlacblett and Son, New York. 
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followed by 167 cc. of syrupy phosphoric acid (sp. gr. 1.7) and 333 
cc. of fuming sulfuric acid (20 per cent free SO3). Leaving the 
stopper off, heat the mixture on a wire gauze until the temperature 



Fig. 1. Apparatus after delivery of alkali into chamber, and before the 
start of the combuBtion. 

Fig. 2. Apparatus at start of combustion. The chromic acid solution 
has been run into the combustion tube and the flame has just been brought 
under it, but, as shown by the low level of the mercury in the manometer, 
evolution of CO2 and O2 has not yet begun. 

reaches 140-150°. Rotate the flask gently at times to assist 
solution of the chromic anhydride and escape of CO 2 formed by 
oxidation of any traces of organic matter that may be present. 
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When 150® has been reached, remove the flame, cover the open 
flask with an inverted, lipless, 150 cc. beaker, and let the mixture 





Fig. 3. Accessory apparatus. A, small bottle of mercurj' arranged for 
sealing capillary of cock b (Fig. 1) Pyrex 100 cc. flask weighted with small 
lead shot serving as a stand for combustion tube after analysis; C, 100 cc. 
bottle provided vnth. cover and ground joint to prevent access of moisture 
to combustion fluid; Z>, cylinder for holding alkaline hydrazine solution, 
hung with tip protected from atmospheric COj; Bf fruit jar arranged for 
<hying and storing washed combustion tubes. 1 quart jars serve for the 
15 cc. tubes used for microcombuations, and 2 quart jars for the 25 cc. tubes 
used in macrocombustions. 
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cool to room temperature. When cool, insert the glass stopper, 
but also keep the inverted beaker permanently over the stopper 
to prevent dust from settling on the rim of the flask and contam- 
inating the fluid as the latter is poured out. For use in analyses a 
portion of the fluid is poured into a protected bottle, of 100 cc. 
capacity, as shown in Fig. 3, C. 

The fluid must be protected from absorption of water from the 
atmosphere, as water diminishes the efficiency for combustion. 


A 



Fig. 4. A, glass tubes for measuring 100 and 200 mg. of pulverized KIOj. 
The inside diameter is about 4 mm. The measuring receptacle can be made 
somewhat oversize, and ground down to exact measure on an emery wheel. 
B, attachment of suction pump to leveling bulb to raise and lower the 
mercury in chamber C (Fig. 1) without moving the leveling bulb. 

Besides its oxidizing efficiency, the anhydrous acid mixture has 
the advantage of a high solvent power for chromic acid; it dissolves 
over 25 gm. of CrOs per 100 cc. at room temperature. 

Since the CrOs is hygroscopic and may vary in its moisture content, it 
is desirable to check the chromic acid concentration of the solution by 
titration. The chromic acid solution as made up, 5 gm. per 100 cc., would 
be nearly 0.5 m if the CrOs were anhydrous. The concentration shown 
by titration of our reagents has consistently been about 0.475 m. If a solu- 
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Fig. 5. Sheet aluminum scoop and counterweight used in weighing 
samples for microcombustions. The aluminum used is of 0.25 to 0.30 mm. 
thickness. The upper drawing indicates the pattern in which the sheet 
metal is cut, with the dimensions in mm., and the lines of sharp bends 
shown by broken lines. The scoop is shaped in a half cylinder by bending 
it about a rod of 7 mm. diameter. The back portion, with the folded metal, 
serves as a handle, and as a weight centered below the scoop to insure the 
latter against overturning on the balance pan. 


tion as prepared is found to be weaker than 0.475 ar, enough more CrO, 
should be added to bring it up to this concentration. The titration is 
carried out as follows: 

Dilute a portion of the chromic acid solution to 10 volumes with water. 
Of the diluted solution measure 3 cc. into a 50 cc. Erlemneyer flask, and 
add 0 cc. of water and 10 cc. of 10 per cent KI solution. After the flask 
has stood quietly for 5 minutes to complete the reaction between chromic 
acid and HI, the iodine produced is titrated with 0.1 N thiosulfate. (Cc. 
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of 0.1 N thiosulfate used X 0.1) = (molar concentration of chromic acid in 
the combustion fluid). This standardization should be repeated once a 
month, as the reagent loses strength on standing. 

Potassium iodate, reagent grade, pulverized. 

Approximately C02-free 0.5 n NaOH plus 0.3 m hydrazine. A 
solution of approximately C02-free NaOH of 0.815 ± 0.005 n 
concentration is first prepared sufficient to last for a season’s 
combustions. A liter or two of distilled water is acidified with a 
few drops of dilute acid and is boiled to expel CO 2 . The water 
is cooled in a flask protected from atmospheric CO 2 by a soda lime 
tube, and enough concentrated (18 to 20 n) NaOH solution, from 
which carbonate has been allowed to settle, is added to bring the 
solution to somewhat over 0.815 n concentration. A portion is 
titrated, and the remainder is diluted with a volume of water 
calculated to bring the concentration down to 0.815 N. The solu- 
tion is stored in a paraffin-lined aspirator bottle, of which the 
stopper is provided with a soda lime tube, while the outlet con- 
nects "with a capillary glass tube of 2 mm. bore and 12 or 15 cm. 
length; the rubber tube connecting the capillary tube to the 
bottle’s outlet is of walls about 3 mm. thick. 

From this solution the alkaline hydrazine solution is made in 
portions sufficient only to last for about a month, as the hydrazine 
slowly decomposes. Into a volumetric flask one weighs 2 gm. of 
hydrazine sulfate for each 100 cc. capacity of the flask. The 
capillary outlet of the 0.815 N NaOH bottle is washed free of any 
adhering carbonate, and a little of the alkali solution is wasted, 
to wash out any carbonate that may have formed in the outlet. 
The outlet capillary is then inserted nearly to the bottom of the 
flask with the hydrazine sulfate, and alkali is run in until the flask 
is about two-thirds filled. Without withdrawing the delivery tube, 
the flask is whirled a few times to dissolve the hydrazine. Alkali 
solution is then added until the flask is filled to the mark. The 
flask is stoppered and the solution mixed. The solution is then 
at once dravm by suction into the cylinder shown in Fig. 3, D. 
The last fifth of the alkaline hydrazine solution is left in the volu- 
metric flask, as this portion is more likely to be contaminated with 
atmospheric CO 2 . 

When not being used for delivery of alkali, the cylinder with the 
alkali-hydrazine solution is kept with its tip protected from CO 2 
as shown in Fig. 3, Z). 
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The hydrazine in the alkaline solution loses about half its strength on 
standing for a month under ordinary' laboratory conditions. It is ade- 
quate until the loss exceeds this amount. When alkali-hydrazine solution 
is made up, it should be dated, and at the end of a month any that is left 
is discarded. 

The hydrazine content can be determined gasometrically in a few min- 
utes as follows: The alkaline hydrazine solution is diluted 5-foId. 1 cc. 
of the dilute solution is measured with a stop-cock pipette into the chamber 
of the gas apparatus, and is followed by 1 cc, of saturated KIOj solution. 
The mercury in the chamber is lowered to the 50 cc. mark, and the chamber 
is shaken for 2 minutes to extract the Nj formed by the reaction, 2rCaIOi + 
SNtHi *= 3Nj -f 2NaI 6HiO. The pi reading is taken with the gas at 
2 cc. volume, A blank analysis is made with water in place of the diluted 
hydrazine solution, and the manometer reading is taken as po- The pres- 
sure Pk, of Ni from hydrazine is calculated as P^j « pi — po- To calculate 
the molar concentration of hydrazine in the alkali reagent solution one 
multiplies P^j by 5 times the factor for a 1 cc. sample in Table 30 (fifth 
column) of Peters and Van Slyke (8), or in Table III (seventh column) 
of Van Slyke and Neill (12). (The fact that the S value stated in the 
tables is 3.5 cc., while it is 2 cc. in the hydrazine analyses, is ^dthout sig- 
nificant effect, because of the slight solubility of Ni.) The alkaline hy- 
drazine solution as made up is 0.154 m in N5H4 concentration, and gives on 
analysis as described above a P^j of 280 mm. at 20°. 

It is desirable to make the concentrations of NaOH and hy^dra- 
zme sulfate exact, as they’' affect the solubility of CO 2 in the 
acidified reagent mixture from which the CO 2 is e.xtracted at the 
end of the combustion, and the solubility affects the calculation 
factors. 

^ 2 N lactic acid. c.p. concentrated lactic acid (sp. gr. 1.20) is 
diluted with water to 5 volumes, and the concentration is checked 
by titration, with phenolphthalein as indicator. 

Approximately 5 n sodium hy’’dro.xide. This is conveniently^ 
kept in a cylinder of the type showm in Fig. 3, Z>, but with no 
rubber ring about the delivery tip. The number of drops is 
determined in which 0.5 cc. is delivered. 

Procedure 

Placing Sample in Combustion Ttibe, (a) Samples Weighed on 
Micrdbalance — ^It is desirable to deposit the weighed sample in 
the bottom of the combustion tube, T (Fig. 1),^ without scattering 
any of the material on the upper walls where it might escape 
complete combustion. The aluminum scoop showm in Fig. 5 
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has been found convenient both for weighing and for depositing 
the sample in the combustion tube. Scoop and counterpoise are 
balanced within 0.1 mg., the scoop being kept slightly the heavier. 
The scoop and its counterpoise are kept in the balance case be- 
tween weighings. They are then ready at temperature equilibrium 
with the balance, and the sample can be added and weighed with- 
out delay. 

The counterpoise is placed on the right-hand pan of the balance, 
and a sample of dried substance sufficient to contain preferably 
between 2.5 and 3.5 mg. of carbon is placed in the scoop, while the 
latter, in the balance case, rests on its cork support as shown in 
Fig. 5. The scoop is lifted onto the left balance pan by means 
of the pincers with jaws lined with chamois skin. The scoop and 
sample are weighed at once. If the material is slightly hygro- 
scopic, one can repeat the weighings at intervals of 1 minute for 3 
minutes and obtain the correct weight by extrapolating back to 
zero time. Material too hygroscopic to be treated in this manner 
must be weighed in one of the customary closed tubes used in 
microanalyses of such material, but we have rarely found them 
necessary. 

To transfer the sample to the combustion tube the latter is taken 
from its jar (Fig. 3, E) and is held horizontally with one hand 
while, with the chamois-protected pincers, the scoop with the sam- 
ple is inserted into the tube. Tube and scoop are then tilted to a 
vertical position, depositing the sample in the bottom of the tube. 
If portions of the sample adhere to the scoop, the latter is struck 
sideways gently against the tube to dislodge the material. If a 
slight amount remains adherent, it does not matter, as the weigh- 
ing is by difference. 

The emptied scoop is returned to the balance pan, and the 
balance is closed and let stand 3 or more minutes for the scoop to 
regain temperature equilibrium. The empty scoop can be weighed 
at any time after 3 minutes. We prefer, however, to make the 
second weighing within at most 10 minutes, in order to forestall 
the possibility of changes in the zero point of the balance. If the 
second weighing is made within 10 minutes, and the temperature 
of the balance room is reasonably constant, we have found it as a 
rule unnecessary to recheek the zero point of the balance. 

Because of its freedom from static electricity, its light weight, 
and the quickness with which it reaches temperature equilibrium, 
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the light aluminum foil has proved to be an ideal container for 
microweighings. We have on occasions finished a complete com- 
bustion, weighings included, within 20 minutes. 

An alternative weighing procedure is to weigh the sample in a 
micro porcelain boat 15 to 17 mm. long, such as is used for micro- 
combustions in furnaces. The boat with the sample is slid gently 
into the slightlj’ inclined combustion tube, which is not turned verti- 
cally until the boat reaches the bottom. A stick\^ substance or 
non-volatile liquid can be handled in this manner. 

The combustion tube with the sample is at once placed in a 
covered beaker, so that no opportunity is given for laboratoiy' dust 
to fall into the tube. 

(6) Samples from Evaporated Solutions— When submicrocom- 
bustions are carried out, with 0.3 to 0.7 mg. of carbon, the samples 
are usually too small to be weighed with 1/1000 accuracy on avail- 
able microbalances, and must be measured into the combustion 
tubes as aliquots of solution, from which the solvent is then 
removed by evaporation. The concentration is so arranged that a 
sample of proper size will be contained in 1 or 2 cc. of solution. A 
1 or 2 cc. pipette can be made to deliver an aqueous or alcoholic 
solution within 1 part per 1000. A weight burette, however, 
with a stem long enough to reach to the bottom of the combustion 
tube offers the most exact means of measuring the solution. It is 
desirable to use a volume of not more than 2 cc., in order not to 
have the solution run up the sides of the tube further than the 
combustion fluid to be added later. 

To evaporate aqueous solutions in the combustion tubes the 
simplest and safest procedure is to leave the tubes overnight, 
somewhat inclined, in a large evacuated desiccator. The evapora- 
tion proceeds slowly, without danger of spattering, or of decom- 
position of heat-sensitive substances. Aqueous solutions of 
material which is not sensitive to heat can be evaporated by 
immersing the lower ends of the tubes in sulfuric acid in a Pyrex 
beaker which is heated on a steam bath, the top of the beaker 
being covered with a folded filter paper to keep out dust. 

To remove volatile organic solvents, such as alcohol, ether, or 
acetone, the alundum pieces to prevent bumping are added 
(p. 511), and the tubes are placed in a beaker containing a 2 cm. 
layer of sulfunc acid. The top of the beaker is covered with a 
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filter paper and the beaker is heated on a steam bath until all 
visible solvent is evaporated. The warm beaker is removed from 
the bath and placed in a desiccator, which is evacuated three 
times, air filtered free from dust being admitted after each evacua- 
tion. When alcohol is the solvent, add 2 or 3 drops of water to 
the residue before the beaker is placed in the desiccator. 

It is essential that the tubes be not left on the steam bath 
longer than is necessary to drive off the visible organic solvent. 
The dry residue is left in such a thin film that it is peculiarly 
accessible to oxidation by the air. Letting the tube heat for an 
hour after the film has dried may cause loss of 1 or 2 per cent of 
the carbon from a substance like cholesterol, which is ordinarily 
stable in air. 

It is good practice to carry out the combustion within a few 
hours after the solvent has been evaporated. Even at room tem- 
perature some materials, when deposited in a thin film, appear to ox- 
idize on standing, and yield low results when subsequently burned. 

Connecting Combustion Tube with Manometric Chamber — Into 
the tube are dropped several pieces of the cleaned alundum or 
sand to insure smooth boiling, then 200 mg. of KIO3 for a micro-, 
or 100 mg. for a submicroanalysis.^ The KIO3 may be measured 
by the tube in Fig. 4, A. With a medicine dropper a thick 
ring of syrupy phosphoric acid is then dra\vn around the upper 
part of the ground glass joint of T (Fig. 1), while T is in a 
horizontal position. Cup F of connecting tube Q, which has been 
resting as shown in Fig. 3, B in the combustion tube with which 
it was last used, is filled to the 2 cc. mark with fresh combustion 
fluid and the stopper is fitted to the combustion tube containing 
the sample to be burned. The combustion tube is now connected 

- If a series of submicrocombustions is to be carried out, it may be 
convenient to prepare enough chromic acid solution with predissolved 
KIOs for the day’s analyses. KIOj in the proportion of 50 mg. per cc. of 
the chromic acid solution is added to the latter, and is dissolved by heating 
not higher than 160°. The solution after cooling is transferred to the bot- 
tle in Fig. 3, C. At room temperature the solution is several times super- 
saturated with iodic acid, but the latter will remain dissolved for a day 
before significant amounts crystallize out. 
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with chamber P as shown in Figs. 1 and 2, chamber C being 
completely filled with mcrcur>% 

Preliminary Ejection of Air — Cock b (Fig. 1) is turned to connect 
C and r, and the mercur}” in C is lowered to the 50 cc. mark. This 
procedure draw’s about two-thirds of the air from Q and T over 
into C. Cock b is then closed, mercurj’' is readmitted into C, the 
air trapped over the mercurj’ in C is ejected through cup E, and 
cock b is closed again. 

The ejection of the air from the system has tw’o advantages. 
One is that removal of the air diminishes to insignificance the part 
of the blank that is due to atmospheric CO 2 present in the appa- 
ratus when the combustion is begun. 

A second advantage is that when the CO 2 formed by combustion 
is transferred from the combustion tube to the alkali solution in 
C (Fig. 1), by running the gases back and forth betw’een C and T 
as described later, the absence of the inert gases of the ejected air 
halves the number of excursions required for the transfer. The 
fewer the interfering molecules of inert gas the quicker the path 
of the CO 2 molecules to the absorbing solution; hence speed of CO 2 
absorption by the alkali solution varies inversely as the proportion 
of inert gases mixed wdth the CO 2 . 

Measurement of Alkalme Hydrazine Solution into Manomeiric 
Chamber — 2 cc. of the alkali-hydrazine solution are measured from 
D into C through a mercuiy seal, as showm in Fig. 1. (The solu- 
tion should be at the same room temperature as the water in the 
jacket of C.) The admission of the alkali is best regulated by 
opening cock b wdde and controlling the flow' of mercury through 
cock a. The admission is stopped when the mercury in C falls to a 
level about 1 mm. above the 2 cc. mark, as showm in Fig. 1. Then 
D is writhdraw'n and mercury from E is let into the chamber to fill 
the capillaries of cock b. The displacement of the slight volume of 
solution from the capillary of b into the chamber brings the volume 
of solution in C exactly to the 2 cc. mark. Cup E is rinsed with 

* For connecting tube Q to the capillary of C we use a thick tube of soft, 
e astic rubber; to fit over 7 mm. glass tubes the bore is 5 to 5.5 mm. and 
t e walls are 5 to 6 mm. thick. With this the continual connecting and 

isconnecting are easier than with thin rubber, and the connection is more 
secure. 
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acidified water; this cup is never permitted to stand with its walls 
wet with alkali. 

Combustion — L is lowered, and mercury is dra^vn out of C and 
the manometer until the mercury in the manometer is about level 
with the 2 cc. mark on C. Cock a is then closed, and cock b is 
turned to connect chamber C with the combustion tube. The 
leveling bulb is then placed, as shown in Figs. 1 and 2, at such a 
height that the mercury surface in it is about level with the 50 cc. 
mark on C and remains at this level until the combustion is 
finished. A measured volume of combustion fluid is now run 
from F into T; for microcombustions, with 2 to 3.5 mg. of carbon, 
2 cc. of the fluid are used, while for the submicroanalyses, with 
0.3 to 0.7 mg. of carbon, only 1.5 cc. are taken. The micro flame 
is now brought under the combustion tube, and the arrangement is 
as shown in Fig. 2. 

Fine bubbles of COo gas begin to rise in the combustion fluid 
as soon as the latter is warmed. A minute or two is taken to warm 
the fluid to boiling. . Preferably the CO 2 evolution should not be 
so rapid that it makes at any time a foam collar more than 2 cm. 
high on the fluid; although even if it should fill the greater part 
of the tube the analysis is not necessarily lost. After the initial 
CO 2 evolution the fluid is heated rapidly to boiling. 

As CO 2 and O 2 are evolved, the mercury falls in C (Fig. 1) and 
rises in the manometer. Cock a is slightly opened every few 
seconds at this stage to admit mercury from L into C and keep the 
gas space in C at about 1 cc. Within about a minute from the 
beginning of heating enough gas has been evolved to press the 
mercuiy in the manometer up to its top, and to permit complete 
opening of cock a without causing backflow of alkali solution from 
C to T. Cock a is now left fully open during the rest of the com- 
bustion, and the boiling proceeds quietly at about 150 mm. less 
than atmospheric pressure. Vigorous boiling at about 600 mm. 
pressure is continued, with foam filling one-third to one-half of the 
tube, for 1.5 minutes to complete the combustion. Of the 
substances analyzed we have not found any which required more 
than 1 minute’s vigorous boiling for complete combustion. Even 
the fatty acids, usually among the more resistant substances in 
combustion, were burned completely in 1 minute, after the pressure 
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had reached 600 mm. With many substances combustion is 
complete as soon as this point is reached. 

Making the boiling vigorous is emphasized because it has been 
found essential with palmitic and stearic acids. With most 
substances gentle boiling suffices. The higher fatty acids, how- 
ever, as the combustion fluid is warmed, melt and form a film on 
the surface. It is perhaps because of this behavior that \ngorous 
boiling is essential ndth them. Gentle boiling (ndth a foam collar 
under 5 mm. high) may ^neld results 0.5 to 1 per cent too low with 
palmitic and stearic acids. 

It is unnecessary and undesirable to continue the boiling longer 
than 1.5 minutes. By the end of this time the chromic acid has 
evolved practically all of its labile oxj'gen, and the iodic acid 
begins to decompose and give off iodine and ox>^gen. If heating 
were continued until all the iodic acid had been decomposed, the 
volume of additional Os evolved would retard appreciably the 
absorption of COs next described, so that 25 instead of 20 excur- 
sions of the mercur}^ in C (Fig. 1) might be required for complete 
absorption. If the period of boiling at 600 mm. pressure is kept 
under 2 minutes, so little iodic acid is decomposed that the iodine 
vapors are barel^’' visible in the combustion tube. 

In case any particles of the sample have been dropped on the 
upper parts of the combustion tube, or in case the foaming during 
the initial CO 2 evolution has been so rapid that the foam reached 
above the half-way mark of the tube, it is a desirable precaution, 
after boiling at 600 mm. has been established, to shake the com- 
bustion tube so that the oxidizing liquid will reach any unbumed 
material in the upper part of the tube. Or the flame may be 
increased for a few seconds so that the boiling fluid reaches the 
upper part of the tube. 

The volume of Oj evolved from the reagents can be roughly estimated 
as follows: After the COj has been absorbed, but while the combustion 
tube is still connected and the flame is still under the combustion tube, 
one sets the mercury meniscus in the chamber at the 50 cc. mark, closes 
cock a (Tig. 1) for a moment, and notes the height of the mercury in the 
nanometer. If it does not lie more than 350 mm. above the mercury 
fiwace in C, the amount of O 2 present is not enough to prevent complete 
^ ^ excursions of the mercury (see the next para- 

graph). If by unduly long boiling of the reagents, or leakage of air into 



524 


Manometric Carbon Determination 


the apparatus, the non-COj gases exert a pressure greater than 350 mm., 
it is well to use a few more excursions to make certain of 100 per cent ab- 
sorption. 

Absorption of CO 2 by Alkali in Gas Chamber — After the com- 
bustion is completed, the flame is left under the tube exactly as 
during the combustion, while the mercuiy in C (Fig. 1) is lowered 
and raised 20 times to cause complete transfer of CO 2 to the alkali 
solution in (7. The 20 excursions should take about 3 minutes. 
At each lowering of the leveling bulb the mercury in C is dropped 
to about the 50 cc. mark, and the fluid in T boils vigorously. The 
tube should then fill with foam. At each raising the bulb is 
lifted till the gas space in C is compressed to about 5 cc. After 
5, 10, 15, and 20 excursions of the mercury in this manner, the 
respective percentages of the CO 2 transferred to the alkali solution 
in C have been found to be 91, 98.3, 99.7, and 100 respectively. 

When many combustions are carried out, it will be found convenient to 
avoid the labor of the many raisings of the mercury bulb by alternately 
applying and releasing suction at the top of the bulb, without moving the 
bulb from its usual level shown in Fig. 2. A good water aspirator will 
raise and lower the mercury at about the same rate as lifting the bulb by 
hand. A simple device for releasing the suction is shown in Fig. 4, 
With the pump connected directly, without an intermediate safety flask, 
suction is obtained by merely closing the open tube by pressure of any 
flat rubber surface, and is released by removing the closure. Or a 3-way 
cock may be substituted; this is desirable if the suction tube is connected 
to an evacuated reservoir, in which it is preferable not to release the vac- 
uum when the latter is released in the leveling bulb. When the suction 
method is used, it is desirable to have a mercury bulb of not over 100 cc. 
capacity, and to have sufficient mercury in the system so that the bulb will 
be nearly filled when all the mercury is withdrawn from C (Fig. 1). If 
there is a large gas space in L, it is more difficult to control the excursions 
of the mercurj’' in C. 

After absorption is completed, the flame is removed from the 
combustion tube, cock b (Fig. 1) is closed, and tube Q is discon- 
nected from the chamber. The hot combustion tube is taken 
with tongs or a strong metal test-tube holder, and stood in a flask 
as showi in Fig. 3, B. 

Ejection of Unohsorbed Gases — Before O 2 and N 2 are ejected, the 
curved inlet capillary above cock b is filled with mercury drawn in 
from a small bottle as shown in Fig. 3, A. About as much mer- 
cury is left in this capillary above the cock as is shown in Fig. 1. 
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Then, ^^^th cock b closed, the gases in C are put under positive 
pressure by raising leveling bulb L a little above cock 6. With the 
bulb at this level, cock a is closed and b opened to connect chamber 
C with cup E above it. Mercurj’' is then admitted from L into 
chamber C until the rising alkali solution, dri\ang the gases out 
through E, just reaches the bottom of cock 6. In succession 
one then closes cocks a and b. The leveling bulb is lowered to the 
position shovm in Figs. 1 and 2, and a little mercury’' is admitted 
from cup E into the chamber to seal the connecting capillary, A 
small bubble of air, trapped in the capillar}', is thus readmitted 
into C, but it has no influence on the CO 2 determination, since 
it is COrfree. 

Extraction of COz and Beading of pi — Exactly 1 cc, of 2 n lactic 
acid is measured into chamber C from an accurate stop-cock 
pipette pronded with a rubber-ringed tip. The admission is 
made through a mercuiy seal in the same manner showm in Fig. 1 
for admission of alkali. Mercury to fill the connecting capillaiy 
between E and C is admitted after the acid. 

The mercuiy in the chamber is then lowered to the 50 cc. mark, 
cock a leading to the leveling bulb is closed, and the chamber is 
shaken 20 or 30 seconds, extracting most of the CO 2 from the 
solution. The CO 2 that has entered the gas phase increases the 
pressure there enough to force the mercury do^m below the 50 cc. 
mark. To correct this displacement, enough mercury’’ is admitted 
from the leveling bulb to bring the top of the mercury meniscus 
in4he chamber exactly to the 50 cc. mark. The chamber is then 
shaken for 1.5 minutes to complete extraction of CO 2 from the 
solution. 

Mercuiy is now admitted from the leveling bulb until the volume 
of the gas phase in the chamber is reduced, to 10 cc. for the micro- 
combustions wdth 2 to 3.5 mg. of carbon, or to 2 cc. for the sub- 
microcombustions with a fifth as much carbon. In admitting 
the mercuiy the precautions described by Van Slyke and Neill 
((12) p. 533) or by Peters and Van Slyke ((8) p. 277) are 
observed, to prevent undue reabsorption of CO 2 . The chief 
precautions are to complete the admission of the mercury within a 
space of 30 or 40 seconds, and to avoid setting the mercury in the 
chamber and manometer to oscillating by jerky opening or closing 
0 cock a. If these precautions are followed, the reabsorption 
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of CO 2 that occurs- during the admission of the mercury is so 
constant (estimated as 0.7 per cent when the gas is compressed to 
10 cc., 1.6 when it is compressed to 2 cc.) that variations in re- 
absorption affect results by not more than 1 part per 300 when the 
gas is brought to 2 cc., or 1 part in 1000 when it is brought to 10 cc. 
As the meniscus of the solution in the chamber approaches the 
2 or 10 cc. mark it is desirable to watch it with a hand lens, in 
order to stop it exactly on the line. 

The reading, pi, is then taken on the manometer. If it is desired 
to check this reading, the mercury in the chamber is lowered again 
to the 50 cc. mark, shaken for a minute, and the gas is returned 
to 2 or 10 cc. volume for repetition of the pi reading. With prac- 
tice it will be found that the duplicate readings check so closely 
that the repetition is unnecessary. 

Reabsorption of CO 2 and Reading of pz — ^After the pi reading has 
been taken, the cock leading to the leveling bulb is opened, while 
the bulb is left at the level shown in Figs. 1 and 2, so that the gas 
in the chamber is under slight negative pressure. Into cup E 
one measures 0.5 cc. of the 5 N sodium hydroxide solution; the 
measurement is most conveniently made by counting the drops. 
The alkali is then admitted into the chamber, with care not to 
admit any air into either the chamber or the capillary above cock 
b. In the submicrocombustions, with less than 2 cc. of CO 2 
present, absorption of all the CO 2 occurs about as rapidly as the 
alkali can be ram in. When the larger amounts of CO 2 measured 
at 10 cc. volume are present, however, it takes a little longer to 
complete the absorption, and one admits the alkali over a period 
of a half minute or more. When all the alkali except enough to 
fill the capillary below the cup is in the chamber, one pours 2 or 3 
cc. of acidified water into the cup, followed by about 0.5 cc. of 
mercury. The mercury is then run into the chamber, dislodging 
any of the alkali solution which may have stuck in the part of the 
chamber under cock b. 

Sometimes the somewhat viscous 5 n alkali solution flows in a 
solid column into the 4 mm. tube at the top of the chamber, 
instead of streaming down the walls and absorbing the CO 2 . In 
t his case one follows the alkali with about 1 cc. of mercury, which 
is admitted in several fine jets. These dislodge the alkali and 
cause quick absorption of the CO 2 . 
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To mbc the solutions in the chamber, and to insure absorption 
of the last traces of CO 2 , one now lowers and raises the mercury in 
the chamber three times, each lowering bringing the surface of the 
solution in the chamber, not to its bottom, but only to a point a 
little below the 10 cc. mark, and each raising bringing the pressure 
up to about atmospheric. 

The solution meniscus in the chamber is then brought to a point 
a little below the 2 or 10 cc. mark at which pi w^as read, and is let 
stand there for 1 minute while the solution drains do\^'n from the 
walls above the mark. During this minute one can read the 
temperature in the water jacket of the chamber and look up the 
corresponding carbon factor. Then the meniscus is raised exactly 
to the 2 or 10 cc. mark and reading pz is made on the manometer. 
The pressure, Pco^j CO 2 from the combustion is calculated as 
Pcoj = Pi “• P 2 — c, where c is the value of px — p^ obtained in a 
blank analysis. 

Washing Chamber after Analysis — ^To clean the chamber for the 
next anal>"sis the used alkaline lactate solution is ejected and the 
chamber is washed once with dilute acid and once with water. A 
rapid and convenient technique is the following. The mercuiy 
leveling bulb is lowered about 80 cm. below chamber C (Fig. 1) 
so that the mercuiy will all drain out of the chamber. While it is 
draining, a few drops of the 2 N lactic acid are placed in the cup at 
the top of the chamber, together with enough water to fill the cup. 
The acidified water (but no air) is now let into the evacuated 
chamber. The leveling bulb is then raised and the solution ex- 
pelled from the chamber. The washing is then repeated in the 
same maimer, except that only distilled water is used. After the 
water is ejected, the mercury is lowered once more to the bottom 
of the chamber, and is allowed to rise rather slowly, so that the 
film of water adherent on the sides of the chamber is detached and 
floats up on the mercury. The drop of water thus collected, to- 
gether with about 1 cc. of mercuiy, is run up into the cup, and the 
apparatus is ready for the next combustion. 

Aliemaiive Rapid Analysis without Reabsorption of CO 2 — ^This 
procedure is slightly less exact, but saves 3 or 4 minutes on each 
analy^, and serves well when series of analyses are required, as 
m routme blood fat determinations, in which an increase of a mm. 
in the error of Pcq, is not important. 
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The analysis is carried out, as described above, until the pi 
reading has been taken, and this reading finishes the analysis. 
Pcoi is calculated as Pcoi = Pi ~ Po, where po is the pi reading 
obtained in a blank analysis at the same temperature. If the 
blank analysis is performed within 3° of the same temperature as 
the unknown, the blank reading can be corrected to apply to the 
unknown by calculating po as (pi of the blank) + (rise in Phjo)) 
where the “rise in Phjo” is the increase in vapor tension of water 
caused by the temperature change from the temperature of the 
blank analysis to the temperature of the substance analysis; 
e.g., if the blank is run at 20°, where the vapor tension of water is 
17.4 mm., and the carbon analysis is run at 22°, where the vapor 
tension is 19.6 mm., the po used is the pi of the blank plus 2.2 mm. 
If the temperatures were reversed, the blank being at 22° and the 
unknown at 20°, the po used would be the pi of the blank minus 
2,2 mm., the “rise in PH 20 ” being negative. For convenience in 
correcting po values for temperature changes the vapor tensions 
of water are given in the last column of .Table I. 

Between analyses performed without reabsorption of CO 2 it is 
necessary to wash chamber C (Fig. 1) only once, with water, since 
the amount of CO 2 in the film of acid solution left after the reagents 
have been ejected from the chamber is slight. 

Calculation of Results of Micro- and Submicroanalyses 

The mg. of carbon in the sample are calculated by the factors 
of Table I, corrected if necessary by a factor obtained from control 
analyses of a standard pure substance, as described later. 


Mg. carbon = Pco 2 X factor 


Derivation of Factors for Micro and Submicro Carbon Calculation 


In Equation 3 of Van Slyke and Sendroy (14) the formula is given for 
calculating mil of CO 2 from the pressure exerted by the gas in the mano- 
metric determination. Multiplying this formula by 12.01, the atomic 
weight of carbon, gives as the formula for the factor, by which PcOz is 
multiplied to give mg. of carbon, 


( 1 ) 


Factor = 


0.0007099fa 


1 + 0.00384< 


I, 


The symbols have the following significances: a is the volume of the COj 
gas when its pressure is measured; i is an empirical correction for a small 



Tadl^ I 

Factors for Carbon Calculation 


Tcnperaturc 


•c. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 


Sobmicro- 

analj-rls 

G - 2.000 

S -3.00 
i - 1.016 


0.001474 

66 

5S 

51 

44 

37 

30 

24 

17 

10 

03 

0.001397 

90 

84 

78 

72 

66 

60 

54 

49 

43 

37 

32 

27 

21 

16 


Factors 


Microanalj’tis 
a - 10.00 
S - 3.00 
i - 1.007 


0.007303 

265 

223 

192 

157 

122 

OSS 

054 

020 

0.0069S7 

954 

922 

890 

859 

S2S 

79S 

769 

740 

711 

683 

655 

628 

601 

57o 

549 

523 


Macroanalj’sis 

0 « 46.00 
S -» 4.00 

1 « 1.000 


0.03320 

304 

289 

274 

269 

244 

229 

215 

201 

1S7 

173 

159 

145 

132 

119 

106 

093 

OSO 

067 

055 

013 

031 

019 

007 

0.02996 

985 


VopOT teasioa 
of 'srotcr 


9.1 

9.8 

10.4 

11.1 

11.9 

12.7 

13.5 
14.4 

15.3 

16.3 

17.4 

18.5 

19.6 

20.9 
22.2 

23.5 

25.0 

26.5 

28.1 

29.7 

31.5 
33.4 

35.3 

37.4 

39.5 

41.8 


^hen determining total plasma lipids by combustion, following Van 
. ^ and Kirk (13), one may multiply the carbon factors by 1.266 

^ order to obtain factors for calculation of mg. of total lipids directlv from 

C cholesterol is determined by combustion of the digitonide, 

17 isO-CssHsiOjs, one may multiply the factors of Table I by 0.3926, in 
^ er to obtain a table of factors for calculating mg. of cholesterol from 
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amount of CO 2 reabsorbed when the gas volume is diminished from A -- S 
to a cc.; ^ is temperature; S is the volume of acidified solution from which 
the CO 2 is extracted; A is the total volume of the extraction chamber meas- 
ured at the bottom mark {A = 50 cc. in Fig. 1) ; a' is the distribution coeffi- 
cient of CO 2 between the gas phase and the liquid phase in the chamber 
(o' « CO 2 per cc. of liquid CO 2 per cc. of gas). 

In the analyses described above, a has the value 2 cc. for the submicro-, 
10 for the microanalysis. The factor i has been determined by combustion 
analysis of pure crystalline glucose, as Van Slyke and Sendroy determined 
it by analysis of NaiCOa. The value of i from glucose combustion has been 
found to be 1.016 when a is 2 cc., agreeing closely with the value 1.017 found 
by Van Slyke and Sendroy (14) in analysis of standard carbonate. When 
a is 10 cc., and the gas is compressed only to this volume for pressure 
measurement, reabsorption is less, and the i value has been found to be 
1.007, indicating only 0.7 per cent reabsorption. The value of A in the 
present analyses is 50.00 cc., and of S is 3.00 cc.; the ratio S/(A — S) is 
0.638. 

The value of a' in the acidified lactate solution has been determined 
at temperatures from 17-32® by the gas solubility method of Van Slyke 

(11) . The solubility of CO 2 in the lactate solution was found at 17® to 
be 78.4 per cent of the solubility in water; at 25®, 79.9 per cent; and at 32®, 
81.3 per cent. Over this temperature range the value of a* for the lactate 
may accordingly be calculated from the a' of water by the formula 

(2) a'ia.tate « «'h20 (0.752 + 0.00190 

With the above values for the constants, the factors for carbon are 
calculated by the following formulae. 

For the submicroanalysis, with a =5 2 and i = 1.017, we have 

0 0014425 

(3) Factor - (1 + 0.0638 [0.752 + O.OOlOi] 

where the a'HsO values are those given in Table I of Van Slyke and Neill 

(12) , and in Table 27 of Peters and Van Slyke (8), as calculated from Bohr 
and Bock’s original data. 

Similarly, for the microanalysis, with a = 10 and i = 1.007 we have 

(4) Factor -lo) == o.oQ 384 t + 0-0®38 [0.752 + 0.00191 J.a'HiiO) 

Correction of Factors by Combustion of Pure Substance 

In the theoretically calculated factors, several constants are 
involved which may vary significantly with different sets of ap- 
paratus. The volumes, a and A, of the chamber are such con- 
stants. The correction of the thermometer in the water jacket 
of the chamber is another. When a microbalance is used to weigh 
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the samples, the accuracy, in absolute units, of the rider on the 
balance is another determining constant, and one v^hioh cannot be 
checked vathin 1 part per 2000 unless a correspondingly exact 
standard 10 mg. '^’eight is available. Each of these constants can 
be measured by itself, but, particularly when the rider correction 
for a microbalance is included, the simplest method of correcting 
for deviations in all of these constants is to perform a series of 
careful anal^-ses on an easily analyzed substance of high purity, 
and include all the corrections in one factor which is calculated 
from the mean result. Calling this factor 6, one calculates it as 

... ^ carbon present 

^ 5 ) 0 ■ I — 

carbon calculated from PcOi by factor in Table I 

Both micro- and submicrocombustions with known samples are 
performed, and a b value is determined for each of the two t^^pes 
of combustion. Then an individual table of carbon factors for 
the apparatus used is prepared by multiplying by these values 
of b the factors for the micro- and submicroanalyses, respectively, 
in Table I. 

An example of a determination of the b factor is given 
in Table II. 

With any apparatus in which the 2 and 10 cc. marks are as 
accurate as in most chambers furnished by the better manufac- 
turers, the factors in Table I can be used xmchanged for many 
routine purposes. For combustions of assured accuracy, however, 
it is desirable to control all constants together by determining the 
b value and with it preparing one’s own table of factors by cor- 
rection of those in Table I. 

The most convenient way to use the factors is to plot them 
against temperature on a sufficiently large scale to permit reading 
with an accuracy of 1 part in 3000. 

Analyses at Low Room Temperatures — ^The analyses by which 
the method has been controlled have all been made at tempera- 
tures above 18®, and most of them at 22° or higher. At lower 
temperatures it is possible that both the absorption of CO 2 by 
alkali in C (Fig. 1) after the combustion, and the subsequent 
extraction of the CO 2 after acidification, may take more time than 
has been allotted in the above descriptions. It may be well, 
therefore, for analyses made below 18®, to increase the number of 
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excursions of the mercury for absorption of CO 2 by alkali in C 
from the prescribed 20 to 25, and to prolong the extraction 
period from i.5 minutes to 2 minutes, or to 2.5 for temperatures 
below 15°. The factors for temperatures between 10-17° are cal- 
culated from extrapolated values of a', and may be in slight error 
from the extrapolation, but the error probably does not exceed 
1 per 1000. 

Economy of Time during Analysis — ^When one is analyzing 
samples of organic substances weighed on a microbalance, one can 
utilize the extraction period for the weighing of the aluminum 
scoop with the sample for the next combustion. If the weighing 
takes more than 1.5 minutes, it does not matter, as the shaking 
out of the CO 2 in the gas chamber may be prolonged without 
affecting the results. After the weighing the sample is deposited 
in a combustion tube for the next analysis, and the scoop is re- 
turned to the balance pan, where it reaches temperature equilib- 
rium while the current analysis is being finished. The weighing 
of the empty scoop is then carried out. 

When one is analyzing material in a series of tubes with residues 
from solutions {e.g., plasma lipids), one can use each boiling period 
for calculation of results of the preceding analysis, and utilize 
the extraction period for preparation of the combustion tube for 
the next analysis. 

Care of Apparatus When Not in Use — ^When a day’s combustions 
are finished, cup F (Fig. 1) is washed out with syrupy phosphoric 
acid, and the cock is removed, lubricated freely with the phos- 
phoric acid, and replaced. If this is not done, iodic or chromic 
acid may crystallize about the cock with time and absorption of 
moisture, and freeze the cock. If the cock does freeze from neglect 
of the precaution, it can usually be loosened by hot water and 
manipulation; but treating it with H3PO4 at the end of the day 
will entirely prevent the trouble. The connecting tube Q is left 
inserted in the combustion tube last used, which is stood in a 
weighted Erlenmeyer flask as shown in Fig. 3, B. A cover is 
placed over the flask and tube to keep away dust.^ 

* A convenient cover is the light, transparent Cello-Metal shield rec- 
tangular form, made of cellophane and aluminum, provided by the Fisher 
Scientific Company of Pittsburgh. The size used is with base 8 X 14 
inches and height of wall 12 inches. 
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The combustion tubes used in a series of analyses are collected 
in a beaker, which is kept covered with an inverted Petri dish to 
prevent access of dust. When the series is completed, the tubes 
are rinsed out three times %vith clear tap water and three times 
with distilled water. They are then placed in a covered vessel 
where they can drain and dry. As such a vessel we have found a 
1 quart fruit jar arranged as shovTi in Fig. 3, E to be satisfactory. 
Tubes placed in it are dry for use again within an hour or two, and 
they are so completely protected from dust that they may be left 
for months without increasing the values they yield in blank 
analj^es. The tubes are Tiever left open in the circulating air of the 
laboratory, except for the moments when they are receiving samples 
for analysis. 

If there is any reason to suspect that a combustion tube has 
become contaminated with dust or organic matter, it is laid aside, 
and is not used again until it has been cleaned by heating it in 
chromic acid cleaning mixture to 120-140®, then rinsed in distilled 
water, and dried as in Fig. 3, E. 

Before new combustion tubes are used they are always cleaned in 
this way. Merely soaking in cold chromic-sulfuric acid mixture 
may not suffice. 

If the connecting tube Q (Fig. 1 ) should become contaminated, 
it is cleaned by removing the stopper and laying tube and stopper 
in a large evaporating dish with hot chromic-sulfuric acid. Tube 
and stopper are then washed and dried in an oven or desiccator. 

If at any time alkali from the chamber gets into the connecting 
tube (Q, Fig. 1 ), the analysis is discarded; the tube is rinsed out 
with dilute hydrochloric acid, and is dried before being used again. 

experimental, micro- ANT) SXJB MICRO COMBUSTIONS 

Determination of Correction Factor of Apparatus for Micro- 
combustions — Several analyses of Bureau of Standards anhy^drous 
glucose were performed to determine the b correction factor of the 
apparatus. The vreighings were made on a jnicrobalance the 
rider of which had been checked against a standard 10 mg. weight 
which was believed to be exact to within 2 7 .^ The b correction 
factor calculated from the mean of the glucose analyses is 1.0007 

* For the loan of this standard weight we are indebted to Dr, Theodore 
Shedlovsky, who had calibrated it. 
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for the apparatus used. The difference from unity is hardly sig- 
nificant, but we have multiplied the micro carbon factors of Table 
I by 1.0007 for use in the analyses of Table III vdth this ap- 
paratus. 

Microcombustions of Various Types of Substances — In Table III 
are given results with a number of substances, aromatic, aliphatic, 
containing nitrogen in various forms, chlorine, and sulfur. For 
the methionine and cystine we are indebted to Dr. Vincent du 

Table II 

Microanalysis of Crystalline Glucose, with Determination of Correction 

Factor of Apparatus Used 


Calibration of chamber marks, a = 10.008 cc., A = 49.95 cc. Theoretical 
carbon content of glucose, 40.00 per cent. 


Glucose sample 

^C02 

1 

Temperature 

Carbon factor 
from Table I, 
uncorrected 

Carbon content of 
sample calculated 
by uncorrected 
, . 100 ce 

factor = — r — 

0 

& 

e 

d 

e 

mg. 

mm. 

^C. 


per cent 

6.011 

349.8 

23.0 

0.006859 

39.91 

6.954 

405.2 

23.4 

847 

39.89 

7.928 

463.0 

24.0 

828 

39.88 

7.828 

456.0 

23.0 

858 

39.95 

7.402 

432.8 

23.5 

844 

40.02 

6.894 

403.8 

23.9 

831 

40.01 

8.229 

484.2 

24.9 

1 801 

39.92 

8.132 

478.3 

24.5 

813 

40.07 

7.818 

462.1 

25.6 

787 

40.11 

Mean 

39.97 



Correction factor found = 40.00/39.97 = 1.0007. 


Vigneaud. The lysine picrate was prepared from gelatin and 
recrystallized three times. The arginine monochloride was also 
from gelatin, the arginine being precipitated as flavianate, then 
recrystallized by Dr. Robert Dillon as the monobenzoyl compound, 
and finally converted into the monochloride and crystallized 
from alcohol. The cholesterol was a commercial preparation 
which had been recrystallized. The palmitic acid had been re- 
crystallized three times from alcohol. The stearic acid, trypto- 
phane, and tyrosine were Eastman Kodak preparations. The 
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Table III 
MicrocomhuslioTis 


Substance 

Sample 

Dura- 
tion of 
boiling 
at 

about 

eoo 

xnm. 

^co, 

at 

10.003 

cc. 

Tem- 

pera- 

ture 

Factor* 

Carbo 

Found 

Q 

Theo- 

retical 


rij?. 

min. 

ram. 

•c. 


ra^. 

per 

cent 

per 

cent 

L^’sine monopi crate 

7.461 

1 


24.8 

0.00680 S 

2.864 

38.38 

38.40 


6.378 

2 

35 S.S 

24.5 

818 

2.446 

38.35 



7.833 

3 

440.7 

24.5 

818 

KiKig 

3 S .36 


dihydro- 

8.464 

2 

407.7 

23.4 

832 

2.793 

32.98 

32.88 

chloride 

8.015 

3 



840 

2.654 

33.11 



8.161 

3 

391.8 

24.1 

830 

2.676 

32.79 


Arginine mono- 

7,084 

0 

356.9 

24.0 

833 

2.439 

34.43 

34.21 

chloride 

5.993 

1 

302.8 

24.5 

818 

2.064 

34.45 



7. 186 

2 

363.3 

25.0 

803 

2.472 

34.39 


Cystine 

7.341 

2 

324.7 

25-4 

791 

2.205 


29.99 


6.881 

3 

303.2 

25.6 

785 


29.90 



8.417 

3 

369.6 

24.1 

830 

2.524 

29.99 


Methionine 

9.171 

2 

549.2 

26.1 

771 

3.717 

40.54 

40.25 


7.951 

3 

470.1 

23.8 

839 

3.215 

40.44 



7.191 

3 

425.4 

24.0 

833 

2.906 

40.42 


Tryptophane 

5.194 

1 

497.8 

27.5 

730 

3.340 

54.52 

I 64.69 


5.458 

2 

523.8 

27.9 

719 

3.520 

64.48 

1 

Tyrosine 

3.901 

0 

346.3 

28.1 

713 

2.325 

59.59 

! 59.66 


4.612^ 

1 

409.5 

28.5 

! 702 

2.744 

59.51 



4.748 

2 

412.6 

23.2 

858 

2.830 



Cholesterol j 

3.539, 

1 


24.0 

832 

2.972 

83. 9 S 

83.87 

! 

3.236 

1 

397.7 

24.3 

824 

2.714 

83.87 

I 


3.474 

2 

425.4 

23.1 

861 

2.919 




3.663 

2 

456.1 

27.2 

739 

3.074 

83.91 



3.370 

3 

412.8 

23.4 

852 

2,829 

83.93 


Stearic acid 

3.769 

3 

gMrJti] 

25.3 

794 

3.173 

83.99 

1 

4.131 

1 

466.8 

27.7 

724 

3.139 

75.98 

76.00 


4.461 

1 

503.2 

27.8 

721 

3.382 

75.80 



4.132 

2 

464.0 

26.6 

756 

3.134 

75.86 



3.975 

2 

447.9 

26.6 

756 

3.026 

76.13 

i 

Palmitic “ 

4.218 

3 

473.8 

26.7 

754 

3.200 

75.87 

i 

4.340 

1 

474.2 

23.3 

855 

3.251 

74.90 

74.94 

Benzoic ** 

3.995 

2 

438.5 

24.0 

833 

2.996 



4.269 

2 

430.3 

22.9 

867 

2.954 

69.22 

68.85 


4.921 

3 

494.7 

23.6 

845 

3.386 

68.81 

1 

1 
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Table III — Concluded 


Substance 

Sample 

Dura^ 
tion of 
boiling 

■PCOi 

at 

lO.OOS 

cc. 

Tern- 

Factor* 

Carbon 

at 

about 

600 

mm. 

pera- 

ture 

Found 

Theo- 

rctical 


mg. 

min* 

mm. 

“C. 


mg. 

per 

cent 

per 

cent 

Silver acetate 


1 

401.8 

24.9 

0.006806 

2.733 

14.35 

14.37 



2 

393.6 

23.9 

836 

2.691 

14.39 



WImi 

3 

384.6 

24.2 

827 

2.624 



Pentaacetyl glu- 

4.983 

1 

359.3 

24.1 

830 

2.454 

49.25 

49.23 

cose, CJ6H22O11 

4.834 

2 

351.4 

24.6 

813 

2.394 

49.53 



4.885 

3 

354.3 

25.0 

803 


49.33 


Nitrobenzylhepta- 


1 ' 

330.6 

24.0 

833 

2.259 

51.33 

51.34 

acetyl gentiobio- ' 
side, CS3H41O20N 


2 * 

416.0 

23.8 

840 

2.845 

51.44 



For some of the analyses in this table we are indebted to Dr. R. M. 
Archibald. 

* The factors are those of Table I multiplied by 1.0007 (see Table II). 


silver acetate was checked by Dr. Alma Hiller by sulfocyanate 
titration of its silver, which was found to be 64.67 per cent, cal- 
culated 64.64. For the pentaacetyl glucose and nitrobenzyl- 
heptaacetyl gentiobioside we are indebted to Dr. Walther Goebel. 
The gentiobioside had been six times recrystallized. All the 
samples were weighed on a microbalance with the aluminum scoop 
and counterweight in the manner previously described. It will 
be noted that 2 minutes boiling was required for complete com- 
bustion of the cholesterol, whereas the other materials that were 
tried with shorter periods were burned in 1 minute, measured from 
the time the pressure reached 600 mm. The recorded durations 
of boiling do not include all the time that the material was heated 
with the combustion fluid; about 1 minute is required to start 
the boiling, and during this time the temperature is rising from 
room temperature to boiling. During this period of about a min- 
ute the greater part of the combustion occurs; in fact it is probably 
complete by the time boiling at 600 mm. starts with the less re- 
sistant materials, such as glucose and most amino acids. The 
chromic acid is nearly all decomposed by the heat, by the time the 
first measured minute of boiling at about 600 mm. is over, and any 
residues burned later are presumably oxidized by the iodic acid, 
wMch is more resistant to heat decomposition. 
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Submicrocombuslions — Examples of the results with these are 
given in Table IV. 


Table IV 

5u6mtcrocom6u5fion5 


Substance 

Sample 


Temper- 

aturo 

Factor* 

Carbon 

Found 

Theo- 

retical 


tnp. 

mm. 

•c. 


mj. 

per cent 

per cent 

Glucose 

1.425 

418.6 

26.0 

0.001370 

0.5735 

40.24 

40,00 


1.425 

415.7 

26.0 

70 


39.97 



1.425 

412.2 

25.3 

74 

5664 

39.75 



1.425 

414.0 

25.9 

71 

5676 

39.83 



1.425 

418.1 

25.1 

69 

5724 

40.17 



1.425 

415.3 

26.2 

69 

5685 

39.90 


Alanine 

1.4134 

419.2 

25.3 

74 

0.5760 

40.71 

40.42 


1.4134 

417.4 

25.7 

72 

5726 

40.48 



1.4134 : 

416.3 

25.9 

71 


40.34 



1.4134 

407.4 1 

21.8 

93 

5675 

40.12 1 


Cholesterol 

0.5848 

358.3 ^ 

25.6 

72 

0.4916 

84.06 i 

83.87 


0.5S48 

358.9 1 

26.1 

69 

4913 

84.02 I 



0.584S 

358.3 

26.2 

69 


83.87 



0.5848 

357.9 

26.2 

69 


83.77 i 



0.5848 

358.6 

26.5 : 

67 

4902 

83.82 i 



* The factors are those of Table I multiplied by the correction factor 
1.003, which is obtained both from the a value of 2.006 and from the mean 
of the glucose analyses. The glucose and alanine samples were aliquots of 1 
cc. each of water solutions delivered from a calibrated pipette, from which 
the deliveries of aqueous solutions were usually exact witWn 0.002 cc. The 
cholesterol was dissolved in absolute alcohol. The samples of 1 cc. were 
measured in a pipette calibrated "to contain.” After delivery the pipetto 
was rinsed with alcohol, the rinsings being run into the combustion tube 
with the sample. The alcohol was removed as described on p. 519. The 
time of boiling was 1 to 2 minutes. 

MACROGOMBTJSTION 

In this analysis the CO 2 pressure is measured when the mercury 
level in the chamber is at the 50 cc. mark. Since the volume of 
solution over the mercury is 4 cc., the pressure is measured with the 
gas at 46 cc. volume. The analysis is always carried out as in the 
“Alternative rapid analysis without reabsorption of CO 2 ” de- 
scribed for the microanalysis on p. 527. The large amounts of 
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CO 2 can be measured with accuracy without the added step of 
reabsorption, and the latter is rather undesirable because the 
amount of heat generated by neutralization of the amount of 
lactic acid present would raise the temperature of the chamber 
measurably with each analysis. Because reabsorption is omitted, 
the analysis is rapid; five can be carried out in the course of an 
hour. 


Apparatus 

The apparatus is the same used for the microcombustion, ex- 
cept that the combustion tube is of 26 cc. instead of 15 cc. capacity, 
and the cup F (Fig. 1) is of 5 instead of 2 cc. capacity. 

Reagents — 

Chromic combustion fluid. This is made the same as for the 
microcombustion, except that instead of 25 gm. of CrOs in 500 cc. 
of the fluid 30 gm. are used. 

Alkaline hydrazine solution for absorbing CO 2 . Per 100 cc. 
of solution to be made, one weighs 6 gm. of hydrazine sulfate into 
a volumetric flask, and fills the flask to the mark "with C 02 'free 
3.00 N NaOH of minimal CO 2 content. The details of preparing 
and handling the solution are the same as for the alkaline hydra- 
zine solution used for the microanalysis. 

Approximatelj'- 5 N lactic acid. Concentrated lactic acid of 
specific gravity 1.20 is diluted to 2 volumes vdth water, and ad- 
justed to 6 N concentration after a preliminaiy titration of a 50- 
fold diluted aliquot against 0.1 n NaOH, with phenolphthalein 
indicator. 


Procedure 

The preparation of the sample and the combustion tube are the 
same as described for microcombustions, except for the larger size 
of the samples, which should contain 8 to 15 mg. of carbon. 
Of KIO3 300 instead of 200 mg. are added. In cup F (Fig. 1) 
one places enough combustion fluid to permit deliveiy of 5 cc. for 
the combustion. 

The prelivxinanj ejection of air is carried through three successive 
times, so that nearly all the air in the system is removed. 

The measurement of 2 cc. of alkaline hydrazine solution into the 
chamber is carried out as in the microanalyses. 
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The combttsiion, absorption of CO- by alkali in the gas chamber, 
and ejection of nnabsorbed gases are like'nTse carried out as de- 
scribed for microanalj’ses, except that 5 cc. of combustion fluid are 
used, and the boiling after the pressure reaches 600 mm. is routinely 
continued for S minutes, instead of 1.5 minutes. The amoimt of 
carbon to oxidize is 5 times as great as in the microcombustion, 
while the chromic acid is only 3 times as much. The smaller 
relative excess of reagent seems to necessitate a longer oxidation. 
More CrOa cannot be used in the macroanalysis, as too much 0- 
would be evoh'ed for the present apparatus to hold. 

For extraction of COi one measures 2 cc. of 5 n lactic acid into 
the chamber from an accurate stop-cock pipette, as described for 
the corresponding addition of 1 cc. of acid in the microanalysis. 
The extraction of CO- is carried out in the same manner, with 
adjustment of the mercury meniscus in the chamber exactly at 
the 50 cc. mark, during the last 1.5 minutes of the extraction. 

The Pi reading is made with the mercury still at the 50 cc. mark. 
This completes the analysis. 

The po is the pi value determined in blank analyses at the same 
temperature. Correction of effect of temperature change on 
Po is made as described for the “rapid” microanalysis. 

For the blank analysis only 2 cc. of chromic acid combustion 
fluid are used; 5 cc. would evolve too much oxygen gas, when none 
is consumed for combustion. 

Calculation for Macrocombuslion 

The pressure of CO- is calculated as Pcoj — Pi — Po. The mg. 
of carbon in the sample are calculated by multipl 3 ang PcOi by 
the proper factor from Table I. The factors of Table I are tested 
by trial combustions of glucose or other pure substance, as de- 
scribed for the microcorabustion, and are corrected if necessaiy 
by the b factor found. 

Derivation of Formula for Macro Carbon Calculation 

The basic formula for the calculation is Equation 1, but it is simplified 
by the fact that the i factor disappears (there being no opportunity for 
reabsorption of COj after its extraction), and the value of a is ii iS. 
Whence one obtains 

(6) 0.0007099 lA ^ Sjl ^ 

1 + 0.00384i 
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In the macroanalysis A is 50 cc., and S is 4. In the concentrated acid 
lactate solution from which the CO* is extracted the solubility of COj 
at 20° is only 66 per cent of the solubility in water. For the range 17-32° 
the solubility, by the method of Van Slyke (11), has been found to be 
indicated by the formula 

(7) a'lactate = a'H :0 (0.473 + 0.0046t) 


With the above values substituted for the constants in Equation 6 we 
obtain 


( 8 ) 


Factor 


0.03266 + (0.00134 + 0.000130«'ao 
1 + 0.00384t 


Table V 


Macrocombustions 

A — 49.95 cc., = 4.00 cc., a = 45.95 cc., i = 1.000. Duration of boiling, 
3 minutes at about 600 mm. 


Substanco 

Sample 

PcOi 
45.95 CO. 

1 

Temper- 

ature 

Factor* 

Carbon 

1 

Found 

i 

Theo- 

retical 


mg. 

mm. 


1 


1 per cent 

per cent 

Glucose 

1 37.56 

476.7 

21.5 

0.03149 


39.96 

40.00 


39.20 


22.2 

139 

15.74 

40.14 



35.92 

475.4 

31.9 

016 

14.34 

39.92 


Alanine 

39.73 

616.0 

23.7 

120 

16.10 

40.52 

40.44 


38.75 

605.8 

24.1 

115 

15.76 

40.66 


Cholesterol 

16.098 

436.2 

25.2 

100 

13.52 

83.99 

83.87 

1 

15.020 

408.1 

25.7 

092 

12.62 

84.01 


Palmitic acid 

18.74 

450.3 

24.5 

109 

14.00 

74.71 

74.93 


19.13 

462.9 

25.2 

100 

14.35 

75.01 



* To correct for the deviatioq of the A mark on the chamber by 0.05 cc. 
from the 50 cc. value for which the factors in Table I are calculated, the 
factors from Table I are multiplied by 45.95/46.00 = 0.999. The results 
of the analyses calculated with these factors are sufficiently close to theo- 
retical to obviate the necessity of a 5 correction. 


Results with Macrocombustion 

Representative analyses are shown in Table V. The macro- 
analysis gives the same results as the microanalysis (Table III), 
except that with fatty acids the macroanalysis tends to be a 
little low, as in the first analysis of palmitic acid in Table V. 
The smaller excess of CrOs in the macroanalysis is the presumable 
cause. 
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SUIIMARY 

A combustion mixture of fuming sulfuric, phosphoric, chromic, 
and iodic acids is described which gives theoretical jdelds of CO 2 
with t 5 T)es of organic substances that have hitherto been found 
resistant to wet combustion. The mixture used effects complete 
oxidation in 1 to 3 minutes. 

Procedures are described in which the COi is collected and 
measured in the Van Slyke-Neill manometric apparatus, the same 
apparatus serving for submicrocombustions with 0.3 to 0.7 mg. 
of carbon, microcombustions with 2 to 3.5 mg,, and macrocom- 
bustions with 8 to 15 mg. The accuracy of the micro- and macro- 
procedures is equal to that of dry combustions. An analysis can 
be completed in 20 minutes. 

No modification of the method is required for the presence of 
nitrogen, sulfur, halogen, alkali metals, or, so far as has been 
ascertained, any other of the substances that interfere with or 
require modification of the dry combustion. 
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New York) 

(Received for publication, July 24, 1940) 

The development by Van Slyke and associates (1) of a simple 
and rapid micrometbod for determination of carbon has made 
possible the measurement of minute amounts of organic precipi- 
tates by determination of their carbon content. The first applica- 
tion to mineral analysis v’as made by Kirk (2), who determined 
inorganic phosphate by combustion of the strychnine phospho- 
molybdate precipitate, 0.01 mg. of inorganic phospnorus sufficing 
for an accurate determination. 

In this paper is described a procedure for the microdetermina- 
tion of sulfate by combustion of the benzidine sulfate precipitate. 
By performing precipitation, washing, and combustion in a special 
combustion-centrifuge tube, the procedure is made simple and 
immune to the losses that endanger transfer operations. It was 
found that the same tube and technique could be used to simplify 
Kirk's phosphorus method (2). 

The benzidine sulfate precipitate, Ci 2 H 8 (NH 2 ) 2 -H 2 S 04 , contains 
12 carbon atoms for 1 of sulfur. Hence when the CO 2 pressure is 
measured with the gas at 2 cc. volume (submicrocombustion) 
(3), where the optimal amounts of carbon for analysis are 0.3 to 
0.7 mg., the corresponding amounts of sulfur are 0.07 to 0.16 mg. 
The error of analysis averages 1 part in 200. 

However, the amoimt of sulfur determined may be decreased to 
as little as 0.02 mg., without greatly increasing the error. 

In the other direction, the above upper limits of sample size 
may be increased fi-fold by using instead of the submicrocombus- 
tion, the microcombustion, in which the CO 2 pressure is measured 
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with the gas at 10 cc. instead of 2 cc. volume. The error of analy- 
sis with these larger amounts is less than 1 part in 200. 

Apparatus 

The apparatus includes that described by Van Slyke and Folch 
(3) for combustion, and in addition a special centrifuge-combus- 
tion tube, which is essentially the standard Van Slyke combustion 



Fig. 1. Diagram illustrating special centrifuge-combustion tube in 
position ready for attachment to the Van Slyke-Neill manometric ap- 
paratus. 

tube drawn out conically at the bottom, ending in a shallow capil- 
lary. This capillary, 2 mm. in inner diameter and 5 mm. deep, 
retains suitable precipitates by capillarity, a small column of fluid 
blocking loss of the precipitate when the supernatant is decanted. 
The tube is of Pyrex glass. Breaking of the capillaiy during 
combustion is prevented by placing over the flame a small Gooch 
crucible in which the capillary bottom of the combustion tube 
rests (Fig. 1). 
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Reagents — 

The reagents are those of the Van Slyke-Folch combustion (3), 
and in addition the foUo'wing. 

Benzidine hydrochloride solution. 4 gm. of benzidine hydro- 
chloride are made up to 250 cc. 'with 0.2 n HCl. 

Acetone, absolute, reagent quality. 

90 per cent acetone. 9 volumes of acetone are mixed "with 1 
volume of vater. 


Procedure 

The conditions for satisfactory precipitation of pure benzidine 
sulfate in filtrates from biological material have been defined by 
Fiske (4) and bj’’ Stadie and Ross (5). The pH may range from 7 
to as acid as 1.6 (5). Phosphate must be absent, or benzidine 
phosphate is likely to be precipitated with the benzidine sulfate. 
For each mole of suKate present 1.4 or more moles of benzidine 
should be present to make precipitation complete. Chloride 
should not be present in amounts such that the weight ratio, 
CI:S, exceeds 30, or precipitation of benzidine sulfate may not 
be complete. Acetone added to the aqueous sulfate solution 
decreases the solubility of the benzidine sulfate so that minute 
amounts can be precipitated completely. 

Preparation of Sulfate Solution — ^Any method of preparing the 
sulfate solution which does not interfere with these conditions 
wifi presumably be applicable. The procedure of Hoffman and 
Cardon (6) for removing proteins and phosphate from biological 
fluids has been found to yield blood filtrates which are satisfactory 
for analysis by the present method. In Hoffman and Cardon’s 
method (6) phosphate, protein, and fat are removed with ferric 
chloride and heat. The excess iron is removed with an ammonium 
hydroxide-ammonium acetate buffer. Centrifugation of the 
protein-fat coagulum has been found advisable before filtration 
of the supernatant. The supernatant solution may then be filtered 
readily through Whatman No. 42 filter paper without appreciable 
evaporation of acetone from the filtrate before aliquots for pre- 
cipitation of sulfate are taken. When this technique was em- 
ployed in the preparation of blood filtrates, it has been possible 
to recover quantitatively known amounts of inorganic sulfate 
added to blood before precipitation (Table IV). 
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For preparation of urine filtrates the method of Fiske (4) for 
removal of phosphates has been found satisfactory. 

Of the prepared solution 2 cc. are to be used for analysis. This 
volume should therefore contain from 0.02 to 0.16 mg. of sulfate, 
calculated as S, if the submicrocombustion is to be used, and 0.4 
to 0.8 mg. if the microcombustion is to follow. 

Precipitation of Benzidine Sulfate — To 2 cc. of protein and 
phosphate-free filtrate add 1 cc. of acetone, followed by 1 cc. of 
benzidine hydrochloride reagent added dropwise. 

As a check on reagents, control tubes are set up, \vith water in 
place of the filtrate. The control serves for a blank analysis, 
which gives a correction covering all the reagents. The Pco, 
value obtained in the blank is the c correction of the analysis. 

The combustion tubes, covered to prevent contamination by 
dust, are set aside in the ice box for complete precipitation. A 
precipitate begins to form at once and is complete in 1 hour. 

Washing — The material is centrifuged 5 minutes at 2000 e.p.m. 
after which time the precipitate will be packed tightly vdthin the 
capillaiy portion of the tube. The supernatant fluid is decanted 
completely, and the tube is allowed to drain for 10 minutes in a 
rack on a lint-free towel. 4 cc. of 90 per cent acetone are added 
to each tube, the inside of the tube, including the ground glass 
connection area, being washed down completely. The precipitate 
is not disturbed. Mixing of precipitate with acetone during the 
washing was found to be entirely unnecessary. Indeed, it con- 
tributes to the difficulty of quantitative reclamation of the pre- 
cipitate by centrifugation. The tube after another 5 minutes of 
centrifugation and another decantation of supernatant fluid is 
again allowed to drain as before. This procedure is repeated once 
more, after which the tubes are placed in a boiling water bath for 
30 minutes to drive off all traces of acetone, Avhich if incompletely 
removed add significantly to carbon combustion values. 

Combustion — The material is now ready for combustion. This 
is carried out as described by Van Slyke and Folch (3). A blank 
analysis is also carried out in which water replaces the sulfate 
solution. 

Calculation— The pressure, Pco« of CO 2 from the burned benzi - 
dine is calculated as 

PcOi Pi — Pi — c 
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Pi and jh are the manometer readings taken before and after ab- 
sorption of the CO 2 , as described by Van Slyke and Folch (3). 
c is the value of pi — P 2 found in the blank analysis. 

The s\ilfate sulfur in the sample is calculated as 

Mg. S « Pcoj X factor 

The values of the factor are given in Table I, The factors have 
been calculated from Table I of Van Slyke and Folch (3) on the 
assumption that the atomic ratio of carbon to sulfur in the benzi- 
dine sulfate precipitate is 12:1, with a corresponding weight 
ratio of 4.495:1, 12.01 and 32.06 being taken as the atomic 
weights of C and S. These ratios have been experimentally sub- 
stantiated by anabases of standard sulfate solutions. 

Phosphorus 

The procedure is the same as that of Eark (2), except that the 
precipitation and washing of the precipitate are carried out in the 
combustion-centrifuge tube shown in Fig, 1, that combustion is 
carried out in the same tube, and that the combustion procedure 
used is the improved one of Van Slyke and Folch (3). 

Up to the washing of the precipitate the procedure is the same 
as Kirk's. The precipitate is now washed with 1 per cent nitric 
acid by centrifugation with the same technique described for 
washing the benzidine sulfate precipitate. For the washing two 
successive portions of 2 cc. each of 1 per cent nitric acid are used. 

In the combustion it has been found desirable to alter the 
oxidation mixture of Van Slyke and Folch (3), since its phosphoric 
acid content makes prolonged washing of the tubes in flowing water 
necessary’' before they can be used again for micro phosphorus 
determinations. According to a personal suggestion of Van Slyke 
and Folch, the 100 mg. of KIO3 are added, as in the usual combus- 
tion, but instead of the usual 2 cc. of chromic-sulfuric-phosphorus 
acid mixture, 2 cc. of reagent grade of concentrated sulfuric acid 
(sp. gr. 1.34) are added. Strychnine bums rather easily, and the 
iodic acid alone suffices. Chromic acid in pure sulfuric acid has 
the added disadvantage of depositing insoluble precipitates in the 
capillary of the combustion tube. The boiling is continued gently 
for 3| minutes. Except for these two changes the combustion is 
carried out as described by Van Slyke and Folch (3). 
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Table I 


For Calculation of Phosphorus from PCO2 Obtained by Combustion of 
Strychnine Phosphomolybdate Precipitate and Sulfur from PcOs 
Obtained by Combustion of Benzidine Sulfate Precipitate 



Factors by which is multiplied to give 

Temperature 

Mg. phosphorus 

Mg. sulfur 

Submicroanalysis 
a == 2.00 

S = 3.00 

Submicroanalyeis 
a = 2.00 

S *= 3.00 

Microanalysis 

0 = 10.00 

3.00 

°c. 

10 

0.00005190 

0.0003279 

0.001624 

11 

63 

61 

16 

12 

35 

44 

08 

13 

10 

28 

00 

14 

5085 

12 

1592 

15 

60 

3197 

85 

16 

36 

82 

77 

17 

12 

67 

69 

18 

4989 

52 

62 

19 

66 

37 

54 

20 

43 

21 

47 

21 

20 

07 

40 

22 

4897 

3093 

33 

23 

75 

79 

26 

24 

53 

65 

19 

25 

32 

51 

12 

26 

11 

38 

05 

27 

4790 

'25 

1499 - 

28 

70 

12 

93 

29 

50 

00 

86 

30 

30 

2988 

80 

31 

20 

76 

74 

32 

4691 

64 

68 

33 

72 

52 

62 

34 

53 

40 

57 

35 

34 

28 

51 










Table II 

RccQicry of Carhon hy Wet Combustion of Benzidine PreexpUaied 
by Known Quantities of Sulfate 


Source of eulfoto 

Quantity of S 

C recovered in 
benxidino enlfate ppt. 

: Recover^' ratio 

1 xng. atoms C 

xx:i^. atoms S 


nff. 

1 TTig, 

i 

(NH,)sSO< 

0,02 

0.0901 

12.1 


0.02 

0.0SS7 

11.8 

K:S04 

0.02 

0.0S99 

12.0 


0.02 

O.OSS8 

12.0 

(NHOjSOi 

0.04 

0.1785 ; 

11.9 


0.04 

0.178S 1 

11.9 

k::S04 

0.04 

0.1812 

12.1 


0.04 

0.179S 

12.0 


Table III 


Recovery of Known Quantity of Sulfate by Wet Combustion of Benzidine 
Sulfate Precipitate (Submicrocombustions) 


S in aample 

-PcOj 

' ■Pco.></s 

DeTiation from 

1 theoretical 

mj'. 



1 per cent 


320.3 

; 0.0992 

-0.8 


329.9 

0.1000 

0.0 


265.8 

o.osos 

4-1.0 

o.os 

1 263.5 

0.0S02 

4-0.2 

O.Oo 

I 164.0 

0.0497 

-0.6 

0.05 

165.6 

0.0499 

4-0.4 

O.Oi 

131.0 

0.0397 

-0.7 

0.04 

129.0 

0.0398 1 

-0.5 

0.03 

100.0 

0.0302 

4-2.0 

0.03 

97.3 

0.0295 

-1.6 

0.02 

65.3 

0.0198 

-1.0 

0.02 

67.3 

0.0204 

4-2.0 


Table IV 


Recovery by Gasometric Method of Sulfate Added to Human Plasma 


Plasma Bample 
No. 

Sulfate S found 

Sulfate S added 

Sulfate S 
recovered 

Percent 

recovery 


mg.jiCrceTil 

mg. fitr cent 

mg. per ccnl 


1 

1.4 

1.0 

2.35 

98.0 

2 ; 

1.8 

2.0 

3.90 

97.3 

3 

0.9 : 

2.5 

3.45 

101.5 

4 

2.1 

3.0 

5.00 

98.1 
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Calculation— As in the sulfur analysis, the pressure, Pco» of 
CO 2 from the carbon in the precipitate is calculated as 

PcOi = Pi ■“ Ps ~ c 

where c is the value of pi — pz obtained in a blank analysis. The 
value of Pcoi is multiplied by the proper factor from Table I to 
calculate mg. of phosphorus. The phosphorus factors of Table I 
are obtained by dividing the carbon factors of Van Slyke and 
Folch (3) by 28.4, which was found by Kirk (2) to be the weight 
ratio, C:P, in the strychnine molybdate precipitate. The factors 
of Table I are slightly different from those of Kirk, for the reason 
that the S and a' values in the Van Slyke-Folch combustion, and 
consequently the carbon factors, are slightly different from those 
of the earlier combustion (1). 

Results 

In order to test the stoichiometric relationship between the 
benzidine carbon and known concentrations of inorganic sulfate, 
solutions of sulfate containing sulfur in amounts ranging from 
0.1 to 0.02 mg. were precipitated with the benzidine chloride 
reagent; the carbon in the precipitate was determined by the 
method outlined above, and calculated as sulfur from the factors 
given in Table I. This served at the same time as a check on the 
accuracy of the factors. 

For quantities of sulfur ranging from 0.04 mg. upwards the 
average deviation from theoretical results was about 1 part in 
200 (Tables II and III). Even with the smaller samples ranging 
from 0.04 to 0.02 mg. the error is rarely more than 2 per cent. 
These recoveries are considered adequate for the extremely small 
amounts of sulfate taken for analysis. 

Additional results with biological material will be reported later 
in publications of experimenlal work in which the method is 
being used. 


SURIiMAUY 

A method for the microdetermination of inorganic sulfate has 
been outlined, based on the combustion of the carbon in the 
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benzidine sulfate precipitate, and measurement of the carbon 
dioxide in the Van Slyke-Neill manometric apparatus. 

A special centrifuge-combustion tube in which all procedures 
from precipitation to combustion are carried out has been designed 
to obriate losses that might occur through transfer of the material 
from tube to tube. 

With known inorganic sulfate concentrations the method yields 
theoretical results. It is applicable to blood and urine filtrates 
following removal of phosphate. 

The centrifuge-combustion tube can also be used to avoid trans- 
fers and simplify technique in the manometric micro phosphorus 
method of Kirk (2). 

The author is greatly indebted to Dr. D. D. Van Slyke for his 
valuable suggestions and helpful criticism. 
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The quantitative reaction T\’hich occurs in alkaline solution 
between the magnesium ion and 8-hydroxyquinoline is well known 
( 1 , 2 ). 

Mg++ + 2C9HeNOH = iVIg(C.H60N)i + 2H+ 

Several attempts to utilize this reaction for the quantitative 
estimation of magnesium are recorded. The phenolic properties 
of the 8-hydroxyquinoIine complex have been used to develop 
with Folin's reagent (3) a colorimetric method for the estimation 
of magnesium (1). A method based on the development of a 
green color by iron with the magnesium-hydroxyquinoline com- 
plex has been used by Lavollay (4). Others have resorted to 
diazotization and conversion of the magnesium-hydroxyquinoline 
complex to a dye by coupling with diazobenzenesulfonic acid 
(5). Methods by which the magnesium is precipitated with 
8-hydroxyquinoline and determined gra\dmetrically (6) have been 
m use industrially for some time, particularly in water analysis. 
Before the determination is carried out, precautions must be taken 
to remove aluminum, manganese, copper, and zinc if these are 
present in sufficient amounts to cause precipitation of the reagent. 
These metals rarely exist in biological materials in sufficient con- 
centration to necessitate removal before precipitation of mag- 
nesium. Iron in small amounts does not precipitate at the alkaline 
pH which is optimum for magnesium (4). 

Because of the simplicity of the technique involving direct 
precipitation of magnesium-hydroxyquinoline, an attempt has 
been made to improve its sensitivity and obviate colorimetry and 
standards by substituting direct combustion of the hydroxyquino- 
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Determination of Mg 


line complex by the method of Van Slyke and Folch (7) . Because 
the precipitate contains 18 carbon atoms to.l magnesium, accurate 
determination requires only 0.03 mg. of Mg. 

In the determination of magnesium use is made of a special 
combustion tube described elsewhere in this J ournal in connection 
with the gasometric determination of sulfate (8). 

Reagents — 

8-Hydroxyquinoline, c.p., 2 per cent solution in 95 per cent 
alcohol. 

Saturated aqueous ammonium chloride solution. 

Ammonia water, concentrated. 

The 8-hydroxyquinoline solution on standing loses its property 
of combining with magnesium. This is associated with a loss of 
its phenolic properties, as indicated by a failure to give a color 
with Folin’s phenol reagent (9, 10) . For this reason the reagent 
must be prepared fresh daily and discarded should it be found to 
give a starch-iodide reaction. 

Procedure 

The sample should contain 0.03 to 0.07 mg. of magnesium, dis- 
solved in 2 to 10 cc. of protein- and calcium-free solution. Place 
the solution of the sample in the special centrifuge-combustion 
tube (8); add 0.2 cc. of 8-hydroxyquinoline reagent. Follow ^vith 
0.2 cc. of saturated ammonium chloride solution. Rotate vigor- 
ously and set aside for 5 minutes. Add 1 to 2 drops of ammonia 
water. A fine greenish yellow precipitate of the magnesium 
complex begins to form almost immediately. 

Tubes containing 2.0 cc. of water with an identical quantity of 
reagent are set up at the same time. The value obtained from 
combustion of this “blank” is subtracted from the value obtained 
from the test substance. 

The tubes are allowed to stand at room temperature for 30 
minutes. A portion of the light magnesium precipitate has a 
tendency to climb up the side of the tube as evaporation of am- 
monia proceeds. This precipitate is washed down wth 0.5 cc. 
of saturated ammonium chloride solution, after which the pre- 
cipitate is collected in the capillaiy of the combustion tube by 
centrifugation at 2000 r.p.m. for 5 minutes. The supernatant 
fluid is removed by a fine capillary attached to a suction flask. 
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If suction is begun only after the capillary is placed under the 
surface of the supernatant fluid, the trace of magnesium precipi- 
tate floating on the surface adheres to the wall of the combustion 
tube and is not lost. The inside walls of the tube and the pre- 
cipitate are then washed with 5 cc. of the saturated ammonium 
chloride solution, care being taken to wash do^ra the entire inside 
of the combustion tube, including the ground glass connection 
area. It is not necessary to disturb the precipitate wliich is 
packed thinly at the bottom of the small capillary at the tip of the 
combustion tube. It is, however, essential that all h3’’droxy- 
quinoline reagent adhering to the inside of the combustion tube 
be washed avtay, Folloudng the second washing and removal of 
supernatant fluid by capillary suction, the tubes are placed in a 
boiling water bath for 30 minutes to remove traces of moisture from 
the precipitate. The precipitate is then oxidized with chromic acid 
reagent, and the carbon dioxide measured in the Van Slyke-Neill 
manometric apparatus according to the present technique of Van 
Slyke and Folch for the determination of carbon in organic com- 
pounds (7). 

Calculaiion — ^The pressure, Pcov CO* from the burned 

precipitate is calculated as 

Pcot ^ Pi - Pi - c 

where pi and pz are the manometer readings before and after ab- 
sorption of the CO2 as described by Van Slyke and Folch (7) and 
c is the value of pi — p* found in blank analyses. 

The amount of magnesium in the sample, in mg., is calculated 
by multiplying Pqq^ hy the proper factor in Table I. The factors 
in Table I are obtained by multiplying the carbon factors of 
Van Slyke and Folch (7) by the weight ratio, Mg : 18C = 24.32 : 
216.18 = 0.1125. 

Recovery of Theoretical Carbon from Magnesium-^-Hydroxy- 
quinoline Complex — ^From the formula, MgCCgHeON)* (6), for 
each magnesium atom 18 carbon atoms should be available for 
combustion to carbon dioxide. In order to test the completeness 
of precipitation and combustion known quantities of Mg^ in the 
form of MgS04-7H20 and MgCls-GHjO were precipitated by the 
technique outlined above and the precipitates were subjected ta 
combustion. Table 11 indicates that with amounts of Mg^ 
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varying from 0.010 to 0.040 mg. a stoichiometric relationship of 
1 atom of Mg++ to 18 carbon atoms accurate within the range of 
experimental error may be expected. In amounts less than 0.020, 

Table I 


For Calculation of Magnesium from Pc 02 Obtained by Wei Combustion of 
Magnesium-HydroxyquinoUne Precipitate 


\ 

Temperature 1 

**0. 1 

Factors by which FcOa multiplied to give 
tng. magnesium 
a « 2 

S « 3 



10 

0.0001655 

11 

49 

12 

40 

13 

32 

14 

25 

15 

17 

16 

09 

17 

02 

18 

1594 

19 

86 

20 

79 

21 

72 

22 

64 

23 

57 

24 

SO 

25 

43 

26 

37 

27 

30 

28 

23 

29 

17 

30 

11 

31 

05 

32 

1499 

33 

93 

34 

86 

35 

80 

a very slight solubility of the hydroxyquinoliue complex may be 

expected to yield upon combustion slightly less than the theoreti- 
cal carbon. 
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In Table III are gi%’’en values obtained from the precipitation 
of knovm quantities of magnesium. 


Table II 

Recovery of Carbon by Wet Comhuzlion from Precipitate 
of Magnesium vciih 8-Hydroxyquinoline 


Source of 

Mg++ Ukca 

Carbon found 

Recovery 

1 ratio Hg:C 

MbC1,-6HsO 

nu 

Q,0Cmi2 

nv 

0.00725 

■■ 

MbSO»-7HiO 

o.o(mi 2 

0.00725 

BS9H 

MgCl.-GHiO 

0.000S23 

0.014S1 


MgSO,-7HjO 

0.000S23 

0.01486 

1:18.05 

MgClj-eHsO 

0.001650' ' 

0.02937 

1:17.8 

MgSOi-THjO 

0.001650 

0.02993 

1:18.2 


Table III 

Recovery of Knoirn Concentrations of Magnesium Calculated from Carbon 
Dioxide Obtained from Combustion of Mc^csium- 
Hydroxy quinoline Complex 


taken 

found 

Deviation from tbeoretical 

tiq. 

nff. 

per cent 

0.01 

0.009S 

-2.6 


0.0199 ] 

-0.5 

0.03 


0.0 

0.04 

0.0400 

0.0 

0.05 

0.0502 

-fO.4 


Table IV 

Recovery of Magnesium Added to Serum 


Sample No. 

Serum 

magnesium 

Magnesium 

^ded 

Total 

magnesium 

expected 

Total 

magnesium 

recovered 

Percent 

recovery 


mp, per ItXJ cc. 

■mp. per 100 ec. 

mp. per 100 cc. 

mp. per 100 ec. 


1 

2.8 

2.0 

4.8 

4.56 

96.7 

2 

4.1 

3.0 

7.1 

6.96 

97.2 

3 

3.1 

4.0 

7.1 

7.00 

98. 6 

4 

2.5 

5.0 

7.5 

7.20 

96.0 


^elerminaiion of Magnesium in Biological Materials — variety 
of satisfactory techniques exists for the preparation of blood and 
serum filtrates suitable for magnesium determination and vill 
not be repeated in detail here (10-12). On a calcium-free filtrate 
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the above procedure is carried out and magnesium expressed in 
mg, computed from the Pco, factors given in Table I. In this 
laboratory the method of Berg, Walker, and Skopp (13), cited 
by Snell and Snell (12), has proved particularly satisfactory. 

Table IV summarizes the results obtained in an attempt to 
recover known concentrations of Mg++ added to sera before re- 
moval of proteins and calcium. From 96.0 to 98.6 per cent re- 
covery was obtained. 

For urine, calcium is satisfactorily removed as the oxalate by 
the method of McCrudden (14), after which the magnesium is 
precipitated from an aliquot of the filtrate by the technique de- 
scribed above. 


SUMMARY 

A micromanometric technique for the determination of mag- 
nesium is outlined whereby the carbon in the magnesium-hydroxy- 
quinoline complex is oxidized to carbon dioxide and measured in 
the Van Slyke-Neill manometric apparatus. The method yields 
theoretical results with known magnesium concentrations which 
compare well ^vith theoretical values, and is applicable to the 
determination of magnesium in blood and urine filtrates. 
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LETTERS TO THE EDITORS 


THE SPECIFICITy OF SALMON PEPSIN 


Sirs: 

Norris and Elara^ have described the isolation; in crj'stallme 
form; of a protein-digesting enzyme from the stomachs of Pacific 
Coast king salmon. It seemed desirable to determine whether 
this salmon pepsin was similar in specificity^ to sndne pepsin. 
Previous work- had shown that crystalline sv^dne pepsin hydro- 


Substrate 

pH of teat 
solution 

Increase in 
azaino K 
per cc. teat ' 
aolution 1 

Hydrol- 

ysis* 



nff. 

percent 

Carbobenzoxy-I-glutamyl-l-tyrosine 

3.2 

0 

0 


4.2 i 

0 ! 

0 

Glycyhl-glutamyl-f-tyrosine 

3.2 

-0.01 

0 

Carbobenzoxyglycyl-l-glutamyl-l-tyrosine. . . 

3.2 

1 -0.01 

0 


4.6 

1 0 

0 

Benzoyl-I-arginineamide 

3.2 

1 Of 

0 

Benzoy W-tyro'sylglycineamide 

3.2 

0.04 

6 


5.6 

0.027 


Edestin 

1 

1 3.7 

i 0.66 1 

j 4 

[ 


Enzyme concentration, 1.45 mg. of protein Is per cc. of test solution; 
concentration of s^Tithetic substrates, 0.05 mM per cc. of test solution; 
edestin concentration, 18 mg. per cc. of test solution; time of incubation, 48 
hours; temperature, 40°. 

* The 100 per cent hydrolysis of one peptide linkage results in an in- 
crease of 0.70 mg. of amino nitrogen per cc. of test solution, 
t This value was obtained by microtitration of carboxyl groups. 


lyzed simple compounds containing glutamic acid and tynrosine, 
such as carbobenzoxy-J-glutamyW-tyrosine, glycyl-I-glutamyi- 
^‘tyrosine, etc. It was further found that the above substrates 
for swine pepsin were also hydrolyzed by concentrated pepsin 

'Norris, E. R., and Elam, D. W., J. BioL Chem., 134, 443 (1040). 

^ Fniton, J. S., and Bergmann, M., BioL Chem,, 127, 627 (1939). 
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preparations from beef, sheep, and chicken.® Through the kind- 
ness of Dr. Norris and Dr. Elam, who provided us with a sample 
of crystalline salmon pepsin, it was possible to subject a number 
of the substrates to the action of this enzyme. It will be noted 
(c/. the table) that the compounds carbobenzoxy-l-glutamyl-I- 
tyrosine, glycyl-Z-glutamyl-Z-tyrosine, and carbobenzoxyglycyl- 
I-glutamyl-l-tyrosme were not attacked by the enzyme prepara- 
tion. However, under similar conditions, edestin was extensively 
hydrolyzed. It would appear, therefore, that salmon pepsin 
differs markedly in specificity from the pepsins of swine, beef, 
sheep, and chicken. 

The following compounds were also subjected to the action of 
salmon pepsin; benzoyl-Z-arginineamide (substrate for crystalline 
beef trypsin) and benzoyl-^-tyrosylglycineamide (substrate for 
crystalline beef chymotrypsin). The first of these was completely 
resistant to the enzyme, while the latter showed a very slight 
hydrolysis. 

Ldboratones of The Rockefeller Institute for Medical Joseph S. Frtjton 
Research Max Bebgmann 

New York 

Received for publication, September 25, 1940 


® Bergmann, M., and Fruton, J. S., unpublished work. 


THE BIOLOGICAL CONVERSION OF ORNITHINE INTO 
PROLINE AND GLUTAMIC ACID 


Sirs: 

Deutero ornithine, when given to normal adult mice in addition 
to the ordinary" stock diet, is rapidly and extensively converted 
into deutero arginine, and the latter is introduced into the animals’ 
proteins.^ Proline and glutamic acid have now been isolated from 
the same hydrolysate of mouse proteins as had 3rielded deutero 
arginine. Proline was precipitated as the rhodanilate- and puri- 
fied by conversion into the hydantoin.^ This contained 0.31 zb 
0.03 atom per cent deuterium, indicating that ornithine was 
partly converted into proline, and the latter introduced into the 
protein linkage. 

The glutamic acid isolated contained 0.07 zb 0.01 atom per 
cent deuterium. The compoimd was degraded with chloramine-T ; 
the resulting barium succinate^ contained 0.16 zb 0.01 atom per 
cent deuterium. As no deuterium was lost during degradation, 
none could have been present in the a position of glutamic acid. 
The values do not indicate how much ornithine- was converted 
into the two amino acids, as we do not yet know what fraction of 
the deuterium was lost during the conversions or the extent to 
which the new amino acids were mixed with their non-isotopic 
analogues. The dietary casein and the animals’ proteins contain 
a very large amount of (non-isotopic) glutamic acid. The newly 
formed isotopic amino acid must have mixed with the glutamic 
acid ori^ating from these sources, whereby the isotope would 
have been considerably diluted. Even if a large part of the or- 
mthine had been converted into glutamic acid, the isotope con- 
centration of the latter could not have been high. 

' Glutton, R Schoenheimer, R., and Rittenberg, D., J.BioL Chem.. 132, 
227 (1940). 

* Bergmann, M., J. BioL Chem., 110, 471 (1935). 

* Dakin, H. D., Biochem. J„ 12, 290 (1918). 

^ Ratner, S., Rittenberg, D., and Schoenheimer, R., J, BioL Chem,, IBB, 
3o7 (1940). 
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Krebs® has recently put forward evidence on the basis of work 
with d-amino oxidase that proline, ornithine, and glutamic acid 
are metabolically interlinked. 

The present experiment, carried out with normal animals on 
their normal diet, shows that the conversion of ornithine into 
arginine, proline, and glutamic acid and the introduction of these 
compounds into the proteins are continuous processes. 

Department of Biochemistry Marjorie Roloff 

College of Physicians and Surgeons S, Ratner 

Columbia University Rudolf Schoenheimeb 

New York 

Received for publication, October 15, 1940 


^ Krebs, H. A., Enzymologia^ 7, 53 (1939). 




INHIBITION OF FLAVOPROTEIN OXIDATIVE CATALYSIS 
BY SUBSTITUTED PHENOLS 

Sirs: 

Certain phenols having nitro and halogen groups as substituents 
exhibit tv*o types of effect on cell respiration. The first consists 
in astwntilation of oxygen consumption, produced at relativelj'- low 
substituted phenol concentrations. The second efifect, produced 
at relatively higher substituted phenol concentrations, consists 
in an inhibition of a fraction of the respiration ; this is accompanied, 
in fertilized Arbacia eggs, b^" a reversible inhibition of cell division^ 
and, in various tumor tissues, b}’' a specific inhibition of the 
Pasteur effect.- This communication reports the results of pre- 
liminaiy" efforts to identify the respiratoiy^ process or processes 
inhibited by the substituted phenols. 

In numerous experiments performed from 1935 to date, it was 
found that 4,6-dinitro-o-cresoI, in concentrations up to 1000 times 
the physiologically active concentrations, had no effect on a 
number of metal-containing oxidative systems.^ The substituted 
phenols were also virtually without effect on a number of dehydro- 
genase s 3 ’‘stems. Meanwhile, evidence had accumulated from 
experiments on living cells to indicate that the substituted phenols 
might, in appropriate concentrations, inhibit some intermediate 
carrier process, possibly a flavoprotein catalysis. Independent 
chemical evidence for this suggestion came from the fact that 
riboflavin had been found^ to have a high solubility in, and 
affinity for, phenol and certain phenol derivatives. 

In the present investigation a number of physiologically active 
substituted phenols, including 4,6-dinitro-o-cresol, 2,4-dinitro- 
o-cyclohexylphenol, and 2,4,5-trichIorophenol, have been found 

^KrabJ, M. E., and Clowes, G. H. A., J, Gen, Physiol., 20, 413 (1940). 

* Dodds, E. C., and Greville, G. D., Lancet, 1, 398 (1934). Clowes, G. 
H. A., Keltch, A. K., and Krahl, M. E., Paper presented at meeting of 
American Association for Cancer Research, April, 1939. 

* Green, R. D., and Black, A., J. Am. Chem. Soc., 69, 1820 (1937). 
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to inhibit two t 3 T)ical flavoprotein catalysts, d-amino acid oxidase* 
and heart muscle flavoprotein;® however, these agents did not 
inhibit milk xanthine oxidase, an enzyme for which thpre is some, 
as yet equivocal, evidence® for participation of a flavin group. A 
physiologically inactive substituted phenol, o-nitrophenol, was 
without effect (up to m) on any of these enzyme systems. 
In representative experiments mth d-amino acid oxidase, oxygen 
consmnption measurements were made by the direct Warburg 
method in air at 30°. The effects of variation in pH, flavin- 
dinucleotide concentration, protein concentration, substrate 
concentration, and substituted phenol concentration were studied. 
The results of a typical experiment with varying substrate con- 


Concentration of 
dZ-^anino, moles 
per liter 

O 2 consumed in 1 hr., c.mm. 

Per cent inhibition 

In control 

In 10-> u 

2,4,5-tr5ohlorophBnol 

0.1 

232 

113 

51 

0.05 

185 

73 

60 

0.025 

141 

44 

69 

0.0125 

101 

20 

80 

0.0063 

72 

14 

81 

0.0032 

43 

7 

84 


centration are shown in the table. The final concentration of 
flavin-dinucleotide* was 0.025 mg. per ml., that of the protein’' 
0.15 mg. per ml. The total volume in each flask was 5.5 ml.; 
the pH was 8.3. 

Lilly Research Laboratories M. E. Khahl 

Indianapolis A. K. Keltch 

G. H. A. Clowes 


Received for publication, October 17, 1940 


« Warburg, 0., and Christian, W., Biochem. Z., 298, 150 (1938). 
' Straub, F. B., Biochem. J., 33, 787 (1939). 

« Ball, E. G., J. Biol. Chem., 128, 51 (1939). 

’’ Negelein, E., and Bromel, H., Biochem. Z., 300, 225 (1939). 











TRANSAMINATION WITH PURIFIED ENZYME 
PREPARATIONS (TRANSAMINASE) 

By PHILIP P, COHEN* 

(From ihc Lfahoratonj of Physiological Chemistry f Yale University School of 
^[cdicinc^ A’'ctr Haven) 

(Received for publication, July 2G, 1940) 

Braunstcin and ICritzmann (1) have reported that with pigeon 
breast muscle any a-amino acid, with the possible exception of 
glycine, is active in transamination mth either a-ketoglutaric or 
oxaloacetic acid. On the other hand, the author (2) found that 
transamination in pigeon breast muscle is limited to the following 
reactions. 

a 

(1) I(+)-Glutamic acid -f oxaloacetic acid a-ketoglutaric acid 

h 

“f I(— )-aspartic acid 
a 

(2) I (-^) -Glutamic acid 4- pyruvic acid a-ketoglutaric acid 

h 

4- I('h)'alaninc 

Attempts to find evidence for a third reaction, 

a 

(3) I(— )-Aspartic acid 4* pyruvic acid oxaloacetic acid 4- Z(+)-aIanine 

6 

were not successful. 

Braunstein and ICritzmann (1) further observed that trans- 
amination took place between glutamic acid and various a-keto 
acids in the presence of a purified enzjune preparation from pigeon 
breast muscle. Kritzmann (3) reported in some detail on the 
preparation and properties of these enzymes from pigeon breast 
and pig heart muscle and stated (4) that two distinct enzyme 
systems were involved, one concerned with the reversible trans- 

• National Research Council Fellow in Medical Sciences. 
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amination of glutamic and the other of aspartic acid. On the 
basis of this, Braunstein (5) suggested the names of glutamic 
aminopherase for the former, aspartic aminopherase for the latter. 
Since the original term Umaminierung used by these workers (6) 
has been accepted with the English (and French) equivalent of 
transamination (5, 7, 8), it is suggested here that the enzyme (or 
possibly enzymes) catalyzing the transfer of amino nitrogen be 
termed transaminase. The latter term is more euphonious and 
does not suffer from a mixed etymology. Further it will be sho^vn 
in this and the next paper that it has not been possible to demon- 
strate the existence of two separate enzyme systems, one con- 
cerned with glutamic and the other with aspartic acid, but rather 
that the most active transaminase preparations catalyze a reaction 
in which hoik glutamic and aspartic acids are substrates. 

In a recent review of transamination (9) Braunstein reported 
considerable differences in the percentage transamination of cer- 
tain amino acids with pigeon breast muscle on the one hand and 
a purified enzyme preparation on the other. It therefore seemed 
desirable to study the activity of transaminase with different 
a-amino acids and a-keto acids. This paper deals with such 
experiments, in addition to a description of a new analytical 
method for studying transamination with purified enzyme prepa- 
rations. 

Methods of Studying Transamination with Transaminase 

The use of purified enzyme preparations simplifies the study 
of transamination considerably as compared with sliced or minced 
tissue. Since the enzyme preparations are free of oxidation sys- 
tems, it is not necessary to use either anaerobic conditions or 
inhibitors. Further, the comparative freedom from extraneous 
material and side reactions in the case of the enzyme preparations 
makes not only for greater specificity and accuracy of the analyti- 
cal procedures, but also permits the use of further simple analytical 
methods not applicable to minced and sliced tissue. 

Satisfactory micromethods are now available for glutamic acid 
(10), a-ketoglutaric acid (11), and oxaloacetic acid (12, 13). No 
satisfactory specific micromethods have as yet been devised for 
alanine or aspartic acid. However, a satisfactory method for 
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measuring tte formation and disappearance of aspartic acid will 
be described in the next section. 

Procedures and Methods 

PrejparQliojxof Transaminase — Fresh pigeon breast and pig heart 
muscle were used as a source of transaminase. The method of 
preparation from both sources is essentially the same and followed 
that of I&itzmann (3). Pig hearts were obtained from the slaugh- 
ter-house immediately after death and kept on ice while in transit. 
If not used immediately, the heart muscle can be stored in a solid, 
frozen state for several weeks and still 3 deld active transaminase 
preparations. The ventricular tissue was dissected free of fat, 
coarsel}’' hashed in a meat grinder, and twice washed b}^ suspending 
in 3 volumes of distilled water. After the second washing the 
tissue was sucked as dry as possible through muslin on a suction 
filter and again put through the meat grinder, this time arranged 
so as to yield a fine mince. A weighed amount of the finely" minced 
tissue was ground up with sand in a large mortar and extracted 
with 5 volumes of 1 per cent potassium bicarbonate solution, added 
in small portions during the grinding. The suspension was allowed 
to stand for 30 minutes with intervals of grinding, and then centri- 
fuged. The supernatant was filtered through a double laj^er of 
fine muslin and the pulp returned to the mortar to be reextracted 
twice with 2 volumes of potassium bicarbonate solution in the 
above manner. The combined extracts were then incubated at 
37® for 1 hour, cooled, and brought to pH 4.2 b^’’ the slow addition 
of 10 per cent acetic acid and 1 m acetic acid-acetate buffer, 
pH 4.2, The 10 per cent acetic acid solution was added in an 
amount slightly greater than that required to neutralize the potas- 
sium bicarbonate used. The acetate buffer was added in an 
amount equivalent to one-fifteenth of the volume of the extract. 
The turbid solution was allowed to stand in the refrigerator over- 
mght. A bulky grayish precipitate is obser\"ed on the following 
morning with a clear, dark broTO supernatant. The supernatant 
was carefully decanted and the remaining suspension centrifuged 
m the cold room. The centrifugate was repeatedl}’’ suspended 
and centrifuged in about 10 volumes of cold distilled water. (This 
procedure was repeated six to seven times, each centrifugation 
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lasting for 45 to 60 minutes before the supernatant was free of 
turbidity.) The moist precipitate was then preserved in the cold 
with the addition of several drops of octyl alcohol. By this 
treatment the moist precipitate remains active for 10 to 14 days. 
500 gm. of fresh pig heart muscle yield approximately 50 gm. 
of moist precipitate which has a dry weight of about 5 gm. 

Before the phosphate extract of the stored moist precipitate 
was prepared, the latter was resuspended in cold distilled water 
and centrifuged at high speed in the cold. The freshly centrifuged 
moist precipitate was suspended in 3 to 4 parts of m/15 phosphate 
buffer, pH 7.7, and kept at 55° for 20 minutes. The suspension 
was then cooled and centrifuged in the cold for 45 minutes. The 
supernatant, which was used as the enzyme solution, was usually 
free of tubidity and has a slight yellowish tinge. The solution 
now has a pH of 7.5. The protein content of these preparations 
varied from 1 to 4 mg. per ml., as nieasured b}’’ nitrogen deter- 
minations. The enzyme solutions rapidly lose their activity on 
standing. Attempts to prepare active drj" preparations have not 
been successful to date. 

The enzyme preparations showed no oxygen uptake in the 
presence of methylene blue and the following, i(-f-)-alanine, 
i(+)-glutamic, J(—) -aspartic, a-ketoglutaric, oxaloacetic, pj’^ruvic, 
and succinic acids. 

Preparation of Boiled Muscle Extracts — Fresh pig heart and 
pigeon breast muscle were used. 40 gm. of fresh tissue were 
finely minced and suspended in 50 ml. of m/15 phosphate buffer, 
pH 7.7. The suspension was placed in a boiling water bath for 
10 minutes and then filtered. The filtrate was brought to a quick 
boil, cooled, and filtered again. This filtrate was used as boiled 
muscle extract. 

Preparation of Substrates. Oxaloacetic Acid — Oxaloacetic acid 
was in’cpared by the hydrolysis of oxaloacetic ester according to 
Simon (14). The ester was synthesized according to Wohl and 
Osterlin (15). The hydrolysis of oxaloacetic ester with concen- 
trated HCl according to Simon gives Ioav yields of oxaloacetic acid 
owing to the incompleteness of the hydrolysis. It was found pos- 
sible to increase the yield considerably by extracting the filtrate, 
from the first hydrolysis mixture with ether, removing the ether, 
and again adding concentrated HCl to the unhydrolyzed oxalo- 
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acetic ester. The oxaloacetic acid was recr 3 ’stallized from ben- 
zene-acetone; m.p. 150°, uncorrcctod. The free acid was found 
to be stable for many months if stored in a dark bottle in the 
refrigerator. 

a-Kdoglularic Acid — a-Ketoglutaric acid was prepared by the 
hydrolysis of oxalosiiccinic ester according to Neuberg and 
Ringer (16). Oxalosuccinic ester was synthesized according to 
AViscliceniis and Waldmuller (17). The a-kctoglutaric acid pre- 
pared in the above manner contained about 5 per cent free oxalic 
acid. This was removed by adding CaCU solution to a warm 
aqueous solution of the acid, filtering off the precipitate, and 
extracting the acidified aqueous filtrate with ether. The a-keto- 
glutaric acid purified in this manner had a melting point of 
111-“113°, uncorrccted. 

Amino Acids — Most of the amino acids employed were com- 
mercial products. The author is indebted to Dr. Joseph S. Fruton 
for a sample of d(— )-glutamic acid, to Professor Vincent du 
Vigneaud for a sample of d(— )-alaninc, and to Dr. Fritz A. Lip- 
mann for a sample of phosphoserine. The samples of f(--')-C 3 ’steic 
acidandmetal-freeZ(— )-c 3 "stcinc were obtainedfrom Dr. Abraham 
A^Tiitc, to whom the author is duh" grateful. 

Pyruvic Acid — P^unvic acid was freshh" distilled and made up 
as a 1 M aqueous solution. When stored in a brown bottle in the 
refrigerator, such a solution remains stable and non-toxic for 
months. The aqueous solution was neutralized with 1 m sodium 
bicarbonate solution before being used as substrate. 

Experimental Procedure 

All substrates were neutralized to the proper pH just before use. 
The a-keto acids were usually" made up as 0.2 m and the amino 
acids as 0.06 m solutions. (dZ-Amino acids were made up in twice 
the concentration used for the d or I forms.) 

The enzj'me solutions (from pig heart muscle unless indicated 
othenvise) and substrates were incubated in stoppered Erlenme^^cr 
flasks. The latter were fixed to a shaking rack which was attached 
to a constant temperature bath at 38°. Since added substrates 
were not oxidized in the presence of the enzjTne and air, it was 
not necessarj" to employ anaerobic conditions. For the deter- 
uunation of aspartic, glutamic, and a-ketoglutaric acids, the reac- 
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tion was stopped by the addition of 1 ml. of 10 per cent H2SO4, 
followed by 0.5 ml. of 10 per cent sodium tungstate solution. 
Suitable aliquots of the protein-free filtrates were employed for 
these analyses, as described later. For the determination of oxalo- 
acetic acid, the reaction was stopped by the addition of 0.5 ml. 
of 50 per cent citric acid. 

Analytical Procedures 

Determination of Aspartic Acid Formation and Disappearance — 
Dakin (18) first observed that in the presence of an excess of 
chloramine-T aspartic acid yielded 2 moles of CO2, while most of 
the other amino acids tested yielded but 1. The application of 
this reaction to the manometric determination of amino nitrogen 
was carried out by Dr. H. A. Krebs (personal communication^) 
Avho concluded that the yields of CO2 from the different amino 
acids were not sufficiently constant to be generally used for amino 
nitrogen determination in place of a reagent like ninhydrin (19). 
However, while yields of CO2 vary from amino acid to amino acid, 
any given amino acid yields a constant amount of CO2 under 
defined experimental conditions. Since of the amino acids con- 
cerned in transamination aspartic acid gives 2 moles of CO2 while 
alanine and glutamic acid give but 1 when treated with chlor- 
amine-T, it is apparent from a glance at Reactions 1 and 3 that 
changes in CO2 production can be used as a measure of transamina- 
tion. In view of the fact that a well washed enzyme preparation 
is employed which is free of non-protein nitrogen, the deproteinized 
experimental solutions contain only a mixture of the reactants 
and thus can be analyzed without difficulty. 

In practice the following procedure is adopted. The experi- 
ments are so arranged that the control flasks contain the amino 
acid to be studied plus the enzyme solution. The experimental 
flasks contain in addition the a-keto acid. After a suitable incuba- 
tion period the solution is deproteinized by the addition of 1 ml. 

^ The following is a summary of Dr. Krebs’ findings: Glutamic acid, 
alanine, phenylalanine, leucine, proline, N-methylleucine yield 101 to 
104 per cent COj (pH 4.7, 40°); leucine, valine, isoleucine yield 105 to 115 
per cent; aspartic acid and glycine form rapidly 1 mole of CO 2 and, more 
slowly, a 2nd mole. Ammonium salts interfere by forming Nj with chlor- 
amine-T. 
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of 10 per cent H;S04 plus 0.5 ml. of 10 per cent sodium tungstate 
solution, and diluted to a volume of 10 to 14 ml, before filtering. 
An aliquot of the protein-free filtrate is then transferred to a 
graduated tube and the volume noted. (It is desirable to use 
relatively large aliquots of the order of 5 ml. in order to minimize 
errors in volume readings.) The tubes are placed in a boiling 
water bath for 30 to 45 minutes, or until the solutions are con- 
centrated to approximately one-half the original volume. This 
servos to decompose the oxaloacetic acid which in high concentra- 
tions >delds CO 2 . The tubes are then cooled and the original 
volume restored with distilled water. (Where small amounts of 
amino acid are present, the concentrated solution is used.) An 
aliquot of 1 ml. is then taken for the manometric determination 
of CO 2 . 

For the manometric determination of CO;, conical Warburg 
vessels with side arms ha^dng a capacity of at least 1 ml. are 
employed. 1 ml. of the solution to be analj^zed is pipetted into 
the side arm. The main compartment contains 1 ml. of citrate 
buffer solution, pH 4.7 (see (10)), plus 2 ml. of freshly prepared 
10 per cent chloramine-T solution. A control vessel contains 
the same solutions as the experimental vessels, except that 1 ml. 
of acidified and COr-free water is placed in the side arm. The 
flasks are then attached to the manometers and shaken in a con- 
stant temperature bath at 38°. The reaction is usually complete 
in 20 to 30 minutes. Typical results are showm in Table I. 

Determination of Glutamic Add — Glutamic acid was determined 
on aliquots of deproteinized solutions according to the author’s 
method (10). However, as pointed out pre\dously, storage of the 
succinoxidase preparation at temperatures even as low as 4° results 
m an increasing “blank” oxygen uptake with a decrease in activity. 
As a result fresh enzyme preparations need to be made frequently". 
It has been found possible to overcome this difficulty to some 
extent. In the first place it has been found that freshly dissected 
pigeon breast muscle will yield active succinoxidase preparations 
even after 2 months storage, provided that the muscle is kept in a 
solid frozen state. This is best achieved in the freezing chamber 
of an electric refrigerator. As a result of this, the need for main- 
taining live pigeons as a source of succinoxidase is eliminated. 
Further, it has been found that washed preparations of the pigeon 
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breast muscle (see (10)), whether prepared from fresh or frozen 
tissue, will retain their activity with a low blank for as long as 
2 weeks, if also kept in the solid frozen state. 

Detertnination of a-Ketoglutaric Acid — a-Ketoglutaric acid was 
determined according to the method of Krebs (11). An aliquot 
of the protein-free filtrate was transferred to a Kutscher-Steudel 
extractor and treated with 1 ml. of 50 per cent H2SO4 plus 2 ml. 

Table I 

COj Production from a-Amino and a-Kclo Acids with Chloraininc-T 
Each vessel contains 0.5 ml. of 0.01 m amino or keto acid plus 1 ml. of 
citrate buffer, pH 4.7, plus 2 ml. of chloramine-T; temperature 38®. (The- 
oretical CO4 yield calculated on the basis that 0.5 ml. of 0.01 M amino acid 
yields 112 microliters of COj.) 


Amino acid 

CO 2 found 


J(— )-Aspartic acid 

microliicrs 

232 

per cent 

207 

Glycine 

198 

177 

i(-j-) -Arginine 

144 

129 

Zf4-VLvsine 

138 

123 

Z^-j-^-Glutamic acid 

114 

102 

i(+)-VaUne 

118 

105 

l(— )-Phenylalaiiine 

116 

104 

Z(+)-Alanine 

112 

100 

dZ-Methionine 

112 

100 

dZ-Threonine 

113 

100 

Z(— )-Cy8teine 

117 

104 

Z(— )-Prolinc 

116 

104 

Z(— )-Cysteic acid 

117 

104 


Koto acid 



Pyruvic acid. 

1.5 

2 


a-Ketoglutaric acid 


Oxaloacetic acid 

7.5 





of 2 per cent KMn04 solution. This was allowed to stand at room 
temperature for 30 minutes. If the permanganate was decolorized 
during this interval, more was added. The solution was then 
directly extracted with ethyl ether. A considerable amount of 
MnOa is extracted along with the succinic acid. This does not 
interfere with the succinic acid determination, but, if desirable, 
can be readily removed by centrifugation. 
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Determination of Oxaloacetic Acid — Oxaloacetic acid was deter- 
mined by the method of Ostem (12) as modified Edson (13). 
At the end of the incubation period 0,5 ml. of 50 per cent citric 
acid solution was added to the incubation mixture and the acidified 
solution placed in the refrigerator. 0.5 ml. of aniline citrate is 
placed in the side arm of the Warburg vessel, while an aliquot 
(usually 2 ml.) of the acidified incubation mixture plus 0.5 ml. of 
50 per cent citric acid solution is placed in the main compartment. 
The determination is earned out at 21°. 

Results 

Glutamic Acid Forniaiion from a-Ketoglutaric Acid and Different 
Amino Acids — ^The percentage transamination (percentage glu- 
tamic acid formation) of different amino acids in the presence of 
a-kctoglutaric acid and transaminase is listed in Table II. As 
can been seen, the most active amino acid is Z(— )-aspartic acid; 
f(+)'‘alanine and Z(— )-cyst€ic acid are somewhat less active, 
while Z(+)-valine shows only a slight activity. None of the 
remaining amino acids listed shows any appreciable activity. It 
is to be noted that neither of the d-amino acids tested shows any 
activity, although the corresponding Z-amino acids are somewhat 
active. These results with transaminase are in agreement with 
those preAUousl}^ reported b 3 ^ the author for minced pigeon breast 
muscle (2), in which the only amino acids appreciably active in 
transamination with a-ketoglutaric acid are Z(— )-aspartic acid 
and Z(+)-alanine. (Z(— )-Cysteic acid was not studied.) The 
results for the two amino acids differ only in the relative rates 
of transamination, which will be discussed in the next paper. 

Braunstein (9) has recentty published values for transamination 
of different amino acids, using minced pigeon breast muscle and 
purified enzyme preparations. He found that while Z(+)-alanine 
was transaminated to roughly the same extent with both the 
nimced muscle and the enzyme preparation, the amino acids 
Z(+)-valine, Z(— )-leucine, and Z(+)-isoleucine were transaminated 
to only one-third the extent with the enzyme preparation. Thus 
with minced pigeon breast muscle Braunstein reports that these 
amino acids are transaminated to the extent of 17 to 21 per cent, 
while with the purified enzyme preparation they are transaminated 
to an extent of less than 7 per cent. 
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Aspartic Acid Formation from Oxaloacetic Acids and Different 
Amino 4c7(?s— The percentage transamination (percentage aspar- 
tic acid formation) of different amino acids in the presence of 
oxaloacetic acid and transaminase is shown in Table III. From 
this it can be seen that of the amino acids tested, only Z(-l-)-glu- 

Table II 

Glutamic Acid Formation from a-Ketoglutaric Acid and Different 

Amino Acids 

Each flask contains 3 ml. of transaminase solution plus 0,3 ml. of 0.2 m 
a-ketoglutaric acid; 1 ml. of 0.06 m d- or Z-amino acid (0.12 M for dl-) added 
as indicated; substrate concentration, 0.014 m; pH 7.6; incubation time, 
60 minutes; temperature 38°. 


Amino acid 

Glutamio acid 
found 

Increafio due 
to added amino 
acid 

Transamina- 

tion 


mieroliters 

microliiera 

per cent 

None ! 

77 



Z(— )-ABpartic acid 

430 

353 

26.3 

Z(+)-Alanine 

347 

270 

20.1 

)-Cysteic acid 

325 

248 

18.6 

Z(-}-)-Valine 

122 

45 


Z (— ) -Phenylalanine 

92 

15 


Z(+)-Arginine 

92 

16 


Z(+)“Tryptophane 

91 

14 


Z(“)-CyBteine 

84 

7 


Z(+)-Ly8ine 

84 

7 


dZ-Methionine 

64 



Z{— )-Leucine 

66 



dZ-Histidine 

67 



/5-Alanine 

86 

9 


Glycine 

1 

70 



Amino ooids of d eoriea 




d(— )-Alanine 

85 

8 


d(— )-Valine 

90 

13 



tamic acid and Z(— )-cysteic acid are active. None of the d-amino 
acids is active. The activity of i!( — )-cysteic acid is of considerable 
interest, since it reacts with both a-ketoglutaric acid (Table II) 
and oxaloacetic acid. Braunstein (9) has reported this amino acid 
to be active with pigeon breast muscle brei but inactive with puri- 
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fied enzyme preparations. In both instances p^mvic acid was 
used as the ketonic acid. The activity of cysteic acid is explained 
by Braunstein on the grounds that it is a dibasic amino acid and 
so acts like aspartic and glutamic acids. According to Braunstein 
the electrostatic configuration rather than the presence of specific 


Tabli: III 

Aspartic Acid Formation from Oxaloacetic Acid and Different 
Amino Acids 

Each flask contains 3 ml. of transaminase solution; 1 ml. of 0,06 M d- or 
f-amino acid (0.12 M for dl-) plus 0.3 ml. of 0.2 m oxaloacetic acid added as 
indicated; substrate concentration, 0.014 m; pH 7.5; incubation time, 60 
minutes; temperature 38®. 



COi formed 


! Transaml- 
sation 

Axmno ftcid 

Witliont 

oxaloacetic 

acid 

With oxalo- 
acetic add 

ACOs 


microlitert 

nicrcliins 

nicroliten 

pcrcerd 

K+l-GIutamic acid 

1325 

2360 

+995 

75 

U““)“Cysteic acid 

1400 

1595 

+195 

13.9 

l(-b)-Alanine 

1400 

1440 

+40 


K+)-Valine 

1440 

1478 

+38 


i(— )“PhenylalaninD 

1415 

1450 

+35 


dZ-AIethionine 

1340 

1360 

+20 


df-Threonine 

1450 

1465 

+15 


K+)-Arginine 

1730 j 

1740 

+10 


l(^)“Cy8teine 

1390 1 

1350 

-40 


f(^)“ProHne 

1390 

1370 

-20 


f(+)-Lysine. 

1655 1 

1620 

-35 


Phosphoserine 

1216 , 

1192 

-24 


Amino acids of d Beries 





<1(^)-Glutamic acid 

1350 

1360 

+10 


d{-)-Valine 

1500 

1460 

-40 


^i(+)-Phenylalanine 

1485 

1480 ' 

-5 ' 



carboxyl groups is the determining factor in the affinity of the 
dibasic amino acids. Thus in addition to cysteic acid he reports 
homocysteic acid and phosphoserine to be active. However, the 
latter does not appear to be active with oxaloacetic acid and trans- 
aminase (Table III). It is of interest to note from Tables II and 
III that aside from Z(+)*alanine the only amino acids reacting 
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with a-ketoglutaric and oxaloacetic acids are dibasic amino acids. 
Of these, glutamic acid is the most active (Table III). 

The optical specificity of transaminase is strikingly demon- 
strated from the data in Table III. Thus while Z(-)-)-glutamic 
acid forms 995 microliters of aspartic acid in the presence of trans- 
aminase and oxaloacetic acid, d(— )-glutamic acid forms no sig- 
nificant amount. 

Transanvinaiion of Glycine and Glutathione — As previously 
sho^vn, glycine yields approximately 2 moles of CO 2 when treated 
with chloramine-T. Since alanine and glutamic acid yield but 
1 mole of CO 2 under the same conditions, the decrease of CO 2 
production in incubation mixtures of glycine, transaminase, and 

Tablj: IV 

Transamination of Glycine and Glutathione with a-Kelo Acids 

Each flask contains 3 ml. of transaminase solution plus 1 ml. of 0.06 m 
glycine or glutathione; 0.3 ml. of keto acid added as indicated; substrate 
concentration, 0.014 m; pH 7.5; incubation time, 60 minutes; temperature 
38°. 


Substrates 

CO 2 found 

ACOj 

Glycine 

micToUters 

2370 

2390 

2430 

1115 

1085 

micToliien 

-h20 

+60 

-30 

4* pyruvic acid 

+ a-ketoglutaric acid | 

Glutathione 

+ oxaloacetic acid 



pymvic or a-ketoglutaric acid can be employed as a measure of 
transamination. Such experiments are listed in Table IV. As 
can be seen, glycine does not undergo transamination with either 
pyruvic or a-ketoglutaric acid. Further evidence for this can be 
seen from Table II in which no glutamic acid formation occurs 
when glycine, a-ketoglutaric acid, and transaminase are incubated. 
Previous studies by the author (2) have also shown that glycine 
is not active with minced pigeon breast muscle. 

Since glutathione is a substituted dibasic amino acid, its ability 
to participate in a transamination reaction was investigated. It 
can be seen from Table IV that there is no evidence of aspartic 
acid formation when glutathione is incubated with oxaloacetic 
acid and transaminase. 
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Effect of Boiled Mzisclc Extract on Tramamination — Kiitz- 
maim (4) has reported that a thermostable cofactor prepared from 
muscle tissue is necessar}' for the action of enzyme preparations 
catalyzing transamination reactions in which aspartic acid partici- 


Tabi^k V 

Effect of Boiled MxlscIc Extract on Transamination 


Each flask con tains 3 ml. of transaminase solution;! ml. of boiled muscle 
extract; 0.3 ml. of 0.2 m amino acid and 0.3 ml. of 0.2 m koto acid as indi- 
cated; substrate concentration, 0.013 m; pH 7.5; temperature 38°. 



Incu- 

Found 

■■ 

1 Trans- 

Substrates 

bation 

time 

(oxalo- 

acetic) 

B 

! amina- 
1 tion 


Transaminase and muscle c.xtract from pigeon breast muscle 


)-Aspartic acid 

" -f muscle extract 

“ -f pyruvic acid 

+ muscle extract- . . 


l{-f)-Glutamic acid 

Muscle extract 

l(-f )-Glutamic pyruvic acid 

** I tt 

** + “ -f muscle extract. . 


m'n. 

micro-- 

litert 

mtero- 

liiCTi 

per ecnl 

15 

0 



15 

1.6 



15 

1.4 



15 

3.7 




ff-Keto- 

glutaric 



60 

98 



60 

33 



15 

265 

167 

12.5 

60 

476 

378 

25.7 

15 

280 

' 149 

11.1 

60 

i 438 

1 




Transaminase and muscle extract from pig heart muscle 


f(— )-Aspartic acid 

15 

9.5 



“ -{- muscle extract 

15 

9.2 



+ pvTuvic acid 

15 

10.4 



+ ** -f muscle extract. - . 

15 

7.8 



“ “f a-ketoglutaric acid 

15 

251 


18.6 

** “f -f muscle 





extract 

15 

243 

fl 

18.1 


pates. In view of the fact that Reaction 3 was not catal 3 ^zed 
the transaminase preparations used in this study (see Tables III, 
^T, and VIT), the effect of concentrated muscle extract on this 
reaction was investigated. 
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Enzyme solutions prepared from pigeon breast and pig heart 
muscle were studied in the presence and absence of extracts from 
the same tissues. Transamination in these instances was followed 
by measuring the amount of oxaloacetic acid formed in the case 
of Reactions 1,6 and 3, a, and the amount of a-ketoglutaric acid 
in Reaction 2,o. As can be seen from Table V, boiled muscle 
extract is without effect on any of the reactions studied. One 
must conclude from these experiments that the failure of trans- 
aminase to catalyze Reaction 3 is not due to the lack of a simple, 

Table VI 

Effect of Different Concentrations of a’-Ketoglutaric Acid 
on Reaction S,a 

Each flask contains 3 ml. of transaminase solution plus 1 ml. of 0.06 m 
aspartic acid; 0.3 ml. of 0.2 m pyruvic acid and 0.3 ml. of 0.2, 0.02, and 0.002 
M a-ketoglutaric acid added as indicated; incubation time, 60 minutes; 
pH 7.6; temperature 38®. 


SubBtratcQ 

COi 

found 

ACOj 

Trans- 

amina- 

tion 

Zf— VARDftrtAc acid . 

micro- 

litCTB 

2870 

micro- 

liters 

per cent 

(< 

+ pyruvic acid 

2920 

4-50 

-360 


n 

+ a-ketoglutaric acid (0.2 m) 

2510 

25 

tt 

fO.2 Ml 

+ pyruvic acid + a-ketoglutaric acid 

2440 

-430 

30 

Z(— )-AsDartic + a-ketoelutaric acid f0.02 m1 

2860 

-10 

tt 

W.02m).. 

+ pyruvic acid + a-ketoglutaric acid 

2910 

+40 

-30 


i(r- l-AsDartic + a-ketoelutaric acid f0.002 m1 ’ 

2840 


(f 

( 0.002 m ).. 

+ pyruvic acid + a-ketoglutaric acid 

1 

2830 






thermostable, extractable cofactor. It is also apparent from these 
data that boiled muscle extract is without effect on the rates of 
Reactions 2, a and l,b. 

Effect of Different Concentrations of Glutamic and a^-Ketoglutaric 
Acids on Reox^tion 3 — As previously pointed out, the failure, of 
transaminase to catalyze Reaction 3 is not due to the lack of a 
thermostable cofactor. However, since the substrates of Reac- 
tion 3 can react with glutamic and a-ketoglutaric acids according 
to the Reactions 1 and 2, the question arises as to whether Reac- 
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tion 3 cannot be catalyzed by the addition of small quantities of 
these substances. Braunstein (9) has reported that this could 
be accomplished in the case of Reaction 3, a by the addition of 
small amounts of or-ketoglutaric acid in the presence of a purified 
enzyme preparation (glutamic aminopherase). 

In Table VI some data are listed showing the effect of different 
concentrations of cr-ketoglutaric acid on Reaction 3, a. It is seen 
that onl}" when the concentration of added a-ketoglutaric acid 

Table VII 

Effect of Di^crcnf Conccnirafiorw of Glutamic Acid on Reaction Sfi 
Each flask contains 3 ml. of transaminase solution; 1 ml. of 0.06 M /(-f)- 
alanine; 1 ml. of 0.06 M and 0.01 m i(4-)-glutamic acid; 0,3 ml. of 0.2 m oxalo- 
acetic acid added as indicated; incubation time, 60 minutes; pH 7.5; tem- 
perature 3S®. 


Substrates 

CX>i 

found 

ACOj 

Trans- 

fiznins- 

tion 

U+l-Alanine 

nicro- 

1435 

micro- 

lU^ 

pepcrnf 

“ -h oxaloacetic acid 

1410 

-25 


l("h)“Glutamic acid (0.06 m) 

1360 


” 4“ oxaloacetic acid 

2340 


72 

K+)-Alanine + oxaloacetic acid + Z(-h)-glutamic 
acid (0.06 m) 

3700 

4-905* 

67 

l(+)-Glutamic acid (0.01 m) 

207 

** 4” oxaloacetic acid 

385 

4-178 

86 

/(“f)-Alanine -f oxaloacetic acid + Z (4-) -glutamic | 
acid (0.01 m) 

1810 j 

+168t| 

82 


* 3700 - (1360 -b 1435). 
1 1810 - (207 -h 1435). 


is high (0.2 m) is there any influence on Reaction 3, a. However, 
the increase in transamination is only 5 per cent in this instance. 
The failure of the lower concentrations of a-ketoglutaric acid to 
influence Reaction 3, a rules out the possibility of this substance 
acting as a catalyst. In Table Yll some data on the effect of 
different concentrations of glutamic acid on Reaction 3,6 are given. 
Here again there is no evidence that glutamic acid can catalyti- 
cally mfluence the rate of Reaction 3. The lower values found 
m the instances where Z(+)-alanine is present in addition to oxalo- 
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acetic and the different concentrations of glutamic acid are not 
significant. 

Effect of Pyruvic and Oxaloacetic Acids on Reactions l,a and 2,a— 
The effect of oxaloacetic acid on Reaction 2, a, and of pyruvic 
acid on Reaction l,a is shown in Table VIII. As can be seen, 
the presence of equivalent amounts of pyruvic and oxaloacetic 
acids has no effect on the amount of aspartic acid formed by trans- 
amination, but does influence the amount of a-ketoglutaric acid 
formed. If Reactions l,a and 2, a proceeded more or less inde- 
pendently in the presence of equal amounts of pyruvic and oxalo- 
acetic acids, as might be expected from the fact that the aspartic 
acid formation is uninfluenced, then the amount of a-ketoglutaric 

Table VIII 

Effect of Oxaloacetic Acid on Reaction S,a 
Each flask contains 4.5 ml. of enzyme solution plus 1 ml. of 0.09 m Z(-k)- 


glutamic acid; 0.3 ml. of 0.3 m oxaloacetic acid and 0.3 ml. of 0.3 m pyruvic 
acid added as indicated; incubation time, 60 minutes; pH 7.5; temperature 
38^ 

Substrates 

Aspartic 

acid 

formation 

et-Kcloglu- 
torio acid 
formation 

l(+)-Glutamic acid 

per cent 

0 

per cent 

0 

** + pyruvic acid 


25 

“ + oxaloacetic acid 

63 

60 

" + pyruvic 4- oxaloacetic acid 

62 

72 


acid formed should be additive for the two separate reactions; 
that is, 85 per cent. Actually, only 72 per cent is realized, indi- 
cating that in the presence of oxaloacetic acid Reaction 2,o is 
inhibited (to the extent of 50 per cent), doubtless on a competitive 
basis, while in the presence of pyruvic acid Reaction l,a is unaf- 
fected. It can be assumed from these results that both Reactions 
l,a and 2, a are being catalyzed by one and the same enzyme. The 
more rapid rate of Reaction l,o (3 times more rapid than Reac- 
tion 2,o) and the greater affinity of its substrates for transaminase 
explain why Reaction l,a is uninfluenced by pyruvic acid, while 
Reaction 2, a is inhibited by oxaloacetic acid. 

Effect of Di- and Tribasic Acids — ^Braunstein (9) has reported 
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that small concentrations of dibasic acids competitively inhibit 
transamination. In Table IX arc listed data which show the 
effect of di- and tribasic acids on Reaction l,a. As can be seen, 
there is no inhibition of transamination, even though the con- 
centration of the di- and tribasic acids is as great as that of the 
oxaloacetic and the glutamic acids. These results are in keeping 
with those found by the author (2) in pigeon breast muscle with 
malonic and pyrophosphoric acids, which in similar concentrations 
also had no efifect on transamination. 

Table IX 

Effect of Di- and Tribasic Acids on Transaminalion 
Each flask contains 3 ml. of transaminase solution plus 1 ml. of 0.06 M 
Z(-{“)-glutamic acid; 0.3 ml. of 0.2 M oxaloacetic acid and 0.3 ml. of 0.2 ir 
di- and tribasic acids added as indicated; substrate concentration, 0.013 
ii; di- and tribasic acid concentration, 0.013 m; pH 7.5; temperature 38®; 
incubation time, 30 imnutcs. 


Substrates 

COj 

found 

ACOi 

Trans- 

amina* 

tion 



nicro- 

Tniero^ 




liters 

liters 

cent 

Z{+)-Giutamic acid 

1385 



t< 

-k oxaloacetic acid 

2385 

+1000 


4t 

“k ** + succinic acid 

2410 

+1025 


4f 

-f “ -f malonic “ 

2410 

+1025 


tt 

+ -f pyrophosphoric 



H|H 

acid 



+1010 


/(+)-Glutamic -f oxaloacetic + citric acid 


+1005 1 



DISCUSSION 

Transamination with Pigeon Breast Mttscle and Transaminase — 
It is apparent from the data presented here that of the many amino 
acids tested only i(+)-alanine, I(+)-glutamic, Z(“)-aspartic, and 
Z(--)-cysteic acids are active in transamination with transaminase. 
Aside from Z(— )-cysteic acid, which was not investigated in a 
pre\dous study with pigeon breast muscle by the author (2), the 
same amino acids are active in both cases. This means that the 
transaminase preparations have lost none of their transamination 
activity as far as substrate activation is concerned. The com- 
parison of the rates of reaction with the two systems will be pre- 
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sented in the following paper. Whether or not the transamination 
activity resides in a single enzyme which activates all the amino 
acids mentioned above is not apparent from these experiments. 
However, the data of Table VIII indicate that there is a competi- 
tive inhibition for the substrates of Reactions l,a and 2, a, suggest- 
ing that the same enzyme catalyzes both these reactions. 

Substrates Active in Transamination — In addition to Reactions 1 
and 2, it is apparent from this study that transaminase catalyzes 
two more reactions. 

a 

(4) Z(— )-Cysteic acid -f «-ketoglutaric acid?:i Z(-f)-glutamic acid 

b 

-+• i3-sulfopyruvic acid 
a 

(5) 2(— )-Cysteic acid -f oxaloacetic acid?^ Z(— l-aspartic acid 

b 

-f /5-sulfopyruvic acid 

Experimental evidence for Reactions 4,6 and 5,6 is not as yet 
available. 

In considering the chemical nature of the substrates active in 
transamination, it is seen that, with the exception of pyruvic acid 
and l(-l-)-alanine, all the substrates are dibasic acids. It should 
also be noted that in the instances where the monobasic acids 
participate in a transamination reaction (Reaction 2) they are 
active only when the dibasic acid is a-ketoglutaric or glutamic 
acid. On the other hand, when both substrates are dibasic acids 
(as in Reactions 1, 4, and 5), glutamic acid is not essential 
(Reaction 4). 

Transamination in Tissues Other Than Muscle — ^The question 
as to whether transamination is qualitatively and quantitatively 
the same in different tissues is at present under investigation. It 
appears that more amino acids are transaminated in liver and 
kidney (20) than in pigeon breast muscle. Whether these tissues 
yield different transaminases is being studied at present. 

Residts of Braunstein and Coworkers — ^Braunstein, who with his 
coworkers, has done the pioneer work on transamination, has 
recently reviewed this subject (9). The results of these workers 
differ in the main from those reported by the author in that they 
consider transamination to be a general reaction in which many 
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amino acids are involved, while it is the view of the ^\Titer that the 
reaction is a limited one, in muscle, at any rate, as regards sub- 
strata specificity. In addition, the experimental e\ddence offered 
by Braunstein and his coworkers in proof of (1) the existence of 
two separate enzymo systems, one for glutamic and the other for 
aspartic acids, the latter requiring a cofactor, (2) the catalytic 
effect of a-ketoglutaric acid on Reaction 3, and (3) the inhibitoiy 
action of dibasic acids on transamination is not supported b^' the 
experiments in this study. These differences in results are tm- 
doubtedly due to the different anah'tical methods and techniques 
emploj'ed. 

SUM^^IARY 

1. By using the method of Kritzmann, it was found that both 
pigeon breast and pig heart muscle yield an enz^mie (or enz^rmes), 
here called transaminase, which catalyzes the reactions 

a 

(1) l(-f)-Glutamic acid + oxaloacetic acid ^ a-ketoglutaric acid 

b 

-f Z(— )-aspartic acid 
a 

(2) /(-f)-Glutamic acid + pyruvic acid a-ketoglutaric acid 

b 

+ ZC+l-alanine 

a 

(4) Z(~)-Cy6teic acid -h a-ketoglutaric acid ;=i Z(-h)“glutamic acid 

b 

4- ^-sulfopyruvic acid 
a 

(5) Z(— )-Cysteic acid oxaloacetic acid ;=i Z(— )-aspartic acid 

h 

4“ /3-sulfopyruvic acid 

(Experimental e\4dence for Reactions 4, b and 5, 5 is not available to date.) 
but not the reaction, 

a 

(3) Z(— )-AspaTtic acid 4* pyru\4c acid^ oxaloacetic acid 4- Z(4')-alamne 

b 

2. Boiled muscle extract is without influence on any of the above 
reactions. Further, Reaction 3 is not influenced by the presence 
of catalytic amounts of either a-ketoglutaric or Z(-b)-glutamic acid. 
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3. Amino acids of the I series only are active with transaminase. 

4. Di- and tribasic acids do not inhibit transaminase. 

5. Glutathione is not active in transamination, 

6. A new manometric method is described for measuring the 
formation and disappearance of aspartic acid. It is based on the 
fact that aspartic acid yields 2 moles of CO 2 with chloramine-T, 
while most other amino acids yield but 1. This method is par- 
ticularly adapted for studying reactions with transaminase in 
which oxaloacetic or aspartic acid participates. 

The author wishes to express his thanks to Professor C. N. H. 
Long for his interest in this work. 
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KINETICS OF TRANSAMINASE ACTIVITY 
By PHILIP P. COHEN* 

{From the Lohoralori/ of Physiological C/jcmisfry, Yale University School of 
}fcdicinCf New Haven) 

(Received for publication, July 26, 1940) 

In the preceding paper (1) the activity of transaminase in 
catalyzbg the transamination of various a-amino and a-keto acids 
was investigated. In addition, the influence of cofactors and 
other compounds was studied. The experiments to be described 
in this paper deal wdth (o) some physical constants of transaminase 
and (6) kinetic studies of the reactions, 

a 

(1) I(+)-Glutamic acid + oxaloacetic acid a-ketoglutaric acid 

h 

-f f(“)-aspartic acid 
o 

(2) Z(4')-Glutamic acid + pyruvic acid a-ketoglutaric acid 

b 

+ Z(+) -alanine 
a 

(3) Z(— )-Afipartic acid + pyruvic acid oxaloacetic acid + Z(+)-alanine 

h 

Methods and Procedures 

The experimental and analytical procedures employed in this 
study were the same as those described in the previous paper (1). 
In addition to the determinations of glutamic, aspartic, and a-keto- 
glutaric acids, pyruvic acid was determined by the carboxj^lase^ 
method of Westerkamp (2). At the end of the incubation period 1 
ml. of 3 M acetic acid-acetate buffer, pH 4.5, was added to the incu- 
bation mixtures. The solutions were then transferred to graduated 

* National Research. Council Fellow in Medical Sciences. 

^ The author wishes to express his thanks to Dr. Joseph L. Melnick for 
a supply of dried brewers' yeast. 
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tubes and an aliquot taken for analysis. The determination of 
pyruvic acid in the presence of a-ketoglutaric acid is possible 
because of the slow rate at which the latter is decarboxylated. 
Thus in the presence of mixtures of the two, practically all the 
pyruvic acid is decarboxylated during the first 15 minutes of 
contact with the carboxylase, while only a small amount of a-keto- 
glutaric acid reacts. 

Unless otherwise indicated in the different experiments, the 
source of transaminase was pig heart muscle. 

Results 

Kinetics of Transamination 

Velocity Constants of Reactions l,a and l,h — ^The determination 
of the true velocity constants of Reactions l,a and 1,6 is difficult 
owing to the relatively rapid rates of the reverse reactions. How- 
ever, some measurements were made at short incubation periods 
in an attempt to confine the reactions to their initial rates and so 
to minimize the rates of the reverse reactions. In Table I are 
presented velocity constants for Reactions l,a and 1,6 calculated 
on the basis of a monomolecular and a bimolecular reaction. Cal- 
culated on the basis of a monomolecular reaction, the initial rates 
appear to be constant during the first 10 minutes, but start falling 
off rapidly as equilibrium is approached. The values calculated 
for a bimolecular reaction appear to be somewhat less variable 
with time. 

The equilibrium constant, calculated from the velocity con- 
stants, for Reaction 1 {Ka/Kh = equilibrium constant) varies 
from 3.14 to 3.84, and from 3.69 to 5.10, as determined from the 
monomolecular velocity constants in the former and the bimolecu- 
lar in the latter. 

Rates of Reaction Product Formation and Substrate Disappearance 
in Reaction 1 — ^With the demonstration that Reaction 1 is cata- 
lyzed by transaminase preparations (1), the rate of reaction prod- 
uct formation and substrate disappearance was investigated. 
This was done by measuring simultaneously the rates of a-keto- 
glutaric and aspartic acid formation in the forward reaction 
(Reaction l,o) and the rates of glutamic acid formation and 
aspartic acid disappearance in the reverse reaction (Reaction 1,6). 
As can be seen from Table II, the rates of transamination are the 
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same xs’hether a-ketoglutaric or aspartic acid formation is meas- 
ured in Reaction l,a, or glutamic acid formation or aspartic acid 
disappearance in Reaction 1,6. These data prove definitelj’’ that 
Reaction 1 proceeds as indicated and that an accurate determina- 
tion of the formation or disappearance of any one of the four com- 
ponents involved will ser\"e as a measure of transamination 
pro\dded equilibrium has been established. Further, the a-keto- 
glutaric and glutamic acid values prove the validity of the method 


Table I 

Velocity Constants of Reactions l^a and 2,b 
Initial substrate concentration, O.OH m; pH 7.5; temperature 38°. 




K-_ ' I„,_S_ 

r wm . ^ 

Time 

i 

TraosaiiuiiAteU 

(m on om oleculAT) 

« (0 ~ r) G 
(bimolecnlar) 


Reaction l,a (initial glutamic and oxaloacetic acid concentration, 

60 micromoles) 


min . 

nieTvmcUM 



5 

18.4 

0.031 

0.00147 

10 

31.5 

0.032 

0.00184 

15 

35.3 

0.026 

0.00159 

30 

43.3 

0.018 

0.00144 


Reaction 1,6 (initial a-ketoglutaric and aspartic acid concentration, 
60 micromoles) 


5 

6.4 

0.0090 

0.000398 


11.8 

0.0097 

0.000408 

15 

15.0 

0.0083 

0.000370 

30 

16.8 

0.0047 

0.000282 


used for measuring aspartic acid formation and disappearance 
(!)• 

Rates and Position of Equilibrium of Reactions 1, 2, and 8 with 
Transaminase Preparations from Pigeon Breast Muscle and Pig 
Heart Muscle — ^The rates of Reactions 1 and 2 are represented 
graphically in Figs. 1 and 2. As can be seen, the initial rate for 
Reaction l,a is very rapid, approximately 50 per cent of the added 
substrate being transformed in the first 10 minutes. While Reac- 
tion 1,6 is much slower than Reaction l,a, the initial rate is also 
comparatively rapid. On the other hand, Reactions 2,a and 2,6 
proceed at a slow rate, with comparatively slow initial rates. 
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From Tables III and IV it would appear that the initial rates 
for Reactions 1 and 2 are somewhat faster in the presence of pigeon 

Table II 

Rate of Aspartic Acid Formation and Disappearance, and Glutamic and 
a-Ketoghiiaric Acid Formation in Reaction 1 
Each iSiask contains 4.5 ml, of transaminase solution; 1 ml. of 0.09 m 
amino acid and 0.45 ml, of 0.2 m a-keto acid added as indicated; phosphate 
buffer added to make substrate concentration 0.014 m; pH 7.5; incubation 
temperature 38®. 


Aspartic acid formation 

Incu- 

bation 

time 

Found, 

CO2 

■ 

Trans- 

amina- 

tion 




micro- 

per 


min* 


liters 

cent 

Z(+)-Glutamic acid 

60 

■119 



** + oxaloacetic acid 

15 

3000 


52 

** ^ (1 

30 

3420 

+1445 

73 

it (t (( 

60 

3480 

+1505 

76 



a-Keto- 





glutaric 





acid 



a-Ketoglutaric acid formation 





i(+)-Glutamic acid 

60 

20 



" + oxaloacetic acid 

15 

1080 

+1060 

63 

“ ^ II II 

30 

1336 

+1316 

66 

<1 4. it tt 

60 

1440 

+1420 

72 



COi 



Aspartic acid disappearance 





i(— )-ABpartic acid 

60 

4320 



+ a-ketoglutaric acid 

15 

3860 

-460 

21 

" + II II 

30 

3750 

-570 

26 

'< ^ II II 

60 

3690 

-630 

29 

1 


Glutamic 





acid 



Glutamic acid formation 





a-Ketoglutaric acid 

60 

52 



“ + )-a8partic acid 

15 

422 

+370 

18 

II ■ ^ II ,1 

30 

558 


25 

" + “ “ 

60 

592 


26 


breast muscle transaminase than that from pig heart muscle. As 
would be expected, the respective points of equilibrium are the 















Time in minuies 


Fig. 1 . rUite of Reaction 1. The ordinate to the left for Reaction 1,6 
represents the percentage aspartic acid disappearance; the ordinate to the 
right for Reaction l,a represents aspartic acid formation; both calculated as 
percentage transamination; substrate concentration, 0.014 m; temperature, 
38"; pH 7.5. 



30 60 120 

Time in mmufes 


Fig, 2. Rate of Reaction 2. The ordinate to the left for Reaction 2,6 
represents the percentage glutamic acid formation; the ordinate to the 
right for Reaction 2, a represents the percentage a-ketoglutaric acid forma- 
ion; both calculated as percentage transamination. Substrate concentra- 
tion, 0.014 m; temperature, 38°; pH 7.5. 
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Table III 

Rate of Transamination with Transaminase Prepared from Pigeon Breast 
Muscle in Reactions 1, 2^ and 8 


Each flask contains 3 ml. of transaminase solution; 1 ml. of 0.06 m amino 
acid and 0.3 ml. of 0.2 m cx-keto acid added as indicated. Substrate concen- 
tration, 0.014 m; incubation temperature 38°; pH 7.5. 



Incu- 

bation 

timo 

Found, 

COz 

B 

Trans- 

amina- 

tion 



micros 

micro* 

per 


1 tnifi. 

liters 

liters 

cera 

Reactions l,a and 1,5 





Z(+)-Glutamic acid 

60 

1310 



** + oxaloacetic acid 

15 

2100 

+790 

60 


60 

2240 

+930 

71 

)“A8partic acid 

60 1 

2850 



+ a-ketoglutaric acid 

15 

2520 

-330 

23.1 


60 

2380 

-470 

33 



Pyruvic 





acid 



Reactions 2,o and 2,5 





Pyruvic acid 

60 

1325 



** + m-)-glutamic acid 

15 

1143 

-182 

13.7 

“ + " “ 

60 , 

985 1 

-340 

25.7 


1 

a-Keto- 1 




1 

glutaric | 



i 


acid 



a-Ketoglutaric acid 

60 , 

1400 



+ ^(+)-alanine 

15 

1196 

-204 

14.6 

<< _j_ <{ 

60 

1000 

-400 

28.6 

1 


CO: 



Reactions 3, a and 3,5 





/(— )-Aspartic acid 

60 

2850 



+ pyruvic acid 

15 

2830 

-20 


« (1 

60 

2900 

+50 


Z(+)-Alanine 

60 

1440 



+ oxaloacetic acid 

15 

1420 

-20 


“ + « « 

60 

1440 

0 



same with the two transaminase preparations. It is apparent 
that Reaction 3 is not catalyzed by transaminase from either 
source. 
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Tadle IV 

Rate of Transaminaiion with Transaminase Prepared from Pig Heart Muscle 
in Reactions J, S, and 3 


Each flask contains 3 ml. of transaminase solution; 1 ml. of 0.06 m amino 
acid and 0.3 ml, of 0.2 m a-keto acid added as indicated; substrate concen- 
tration, 0.014 m; pH 7.5; temperature 3S°. 



Incu- 

bstion 

time 

Found, 

CO: 

B 

Trans- 

amina- 

tion 



nicro- 

rtterty’ 

pfr 




liien 

1 C4rr.t 

Reactions l,fl and 1,5 




1 

/(-f)-GIutamic acid 

60 

1270 



-f oxaloacetic acid. . . . 

15 

1820 

4-550 

i 43.3 

ft ^ It tt 

60 

: 2210 

4-940 

74 

/(— )-Aspartic acid 

60 

2725 



** + a-ketoglutaric acid . . . 

15 

2440 

-285 

20.9 

tt It tt 

*1 

60 

2260 

—465 

! 

34 



or-Kcto- 





glutaric 





add 



Reactions 2,o and 2,5 





!(+ )-GIutamic acid 

60 

18 



“ "b pyruvic acid 

15 

122 

+104 

8.2 

tt tt tt 

60 

276 

4-258 1 

20.3 



Glutamic 





add 



ff-Ketoglutaric acid 

60 

76 



“ -f f(-f)“alaninc 

15 

212 

4-136 

10.1 


60 

346 

4-270 

20.1 


i 

COi 



Reactions 3, a and 3,5 





^~)-Aapartic acid ... 

60 1 

2725 



** 4" pvruvdc acid 

15 

2780 

4-55 


^ tt it 

60 

2710 

-15 


^{+)-Alanine 

60 

1465 



“ 4” o.xaloacetic acid 

15 

1480 

4-15 


** tt ft 

60 

1460 

-5 1 



Kntzmann (3) has reported that enz}Tne preparations from 
pigeon breast muscle catalyze Reaction 2 at a rapid rate, equilib- 
rium being attained in about 60 minutes when 50 per cent of the 
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added substrates has reacted. According to this, Reaction 2 
attains equilibrium in the same period of time with the enzyme 
preparation as Avith pigeon breast muscle. Kritzmann did jiot 
study Reaction 1 in either pigeon breast muscle or Avith transami- 
nase preparations. From a previous study made by the author 
(4) of Reactions 1 and 2 in pigeon breast muscle it appeared that 
both reactions came to equilibrium Avhen 50 per cent of the added 
substrates had reacted, Reaction 1 attaining equilibrium more 
rapidly than Reaction 2. This Avould imply that Reaction 1 comes 
to different positions of equilibrium with pigeon breast muscle 
and transaminase. However, this difference can be explained by 
the fact that oxaloacetic acid undergoes a number of rapid reac- 
tions Avhen added to pigeon breast muscle under anaerobic (and 
aerobic) conditions. The chief among these are 

(а) Oxaloacetic acid — > pyruvic acid + CO 2 (5)* 

(б) Oxaloacetic acid — > malic acid — > fumaric acid — > succinic acid (6) 

(c) Oxaloacetic acid + pyruvic acid — > malic acid ■+• acetic acid + CO 2 (7) 

(d) Oxaloacetic acid + pyruvic acid — ♦ citric acid (8) 

The effect of these rapid side reactions AA’^ould be such as to sIoav 
doAvn the rate of Reaction l,a, Avhile increasing the rate of Reac- 
tion 1,5. The net result of this Avould be that seen in pigeon breast 
muscle, Avhere, compared with the transaminase preparation, 
Reaction l,a is sloAver, Avhile Reaction 1,5 is faster. This Avould 
give the impression of a different equilibrium point for the same 
reaction. The effect of different concentrations of oxaloacetic 
acid on the percentage transamination of glutamic acid can be 
seen from Fig. 3. Thus when the concentration of both glutamic 
and oxaloacetic acids is 0.014 m, the percentage transamination 
is 70, but, Avhen the concentration of oxaloacetic acid is halved, 
the percentage transamination is decreased to 52. The latter 
A'^alue is approximately that found Avith pigeon breast muscle AA’’hen 
glutamic and oxaloacetic acids are added in equimolecular con- 
centrations. The rate of oxaloacetic acid disappearance by the 
reactions listed above is such that the concentration of added 
oxaloacetic acid Avould be halved in a very short time. In support 
of this are the observations by Szent-Gyorgyi and Straub (5) Avho 

* The figures following the reactions, refer to bibliographic reference 
numbers. 
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reported that 7 per cent of the added oxaloacetic acid disappeared 
b}' Reaction a alone in 10 minutes, while Szent-G3'6rg>d and Banga 
(9) found that of S,6 mg, of added oxaloacetic acid 8 mg. disap- 
peared in the first 10 minutes. 



Fig, 3, Effect of different substrate concentrations on transamination 
in Reactions l,a and 1,6. Glutamic acid concentrations for Reactions 1, a 
1, a\ and 1, a' are 0.007 M, 0.014 M, and 0.028 m, respective^’; oxaloacetic 
acid concentration indicated on the abscissa. Aspartic acid concentrations 
for Reactions 1, 6, 1, 6', and 1, b"' are 0.007 m, 0.014 M, and 0.028 respec- 
tiveIy;a-ketogIutaricacid concentration indicated on the abscissa. The or- 
dinate on the left for Reactions 1, 6, 1, 6', 1, b" represents the percentage 
aspartic acid disappearance, the ordinate on the right for Reactions 1, a, 
1, a', 1, a' represents percentage aspartic acid formation; both calculated 
as percentage transamination. Temperature, 38®; pH 7.5; incubation time, 
60 minutes. 


The higher rates of transamination for Reaction 1,6 in pigeon 
breast muscle as compared Avith transaminase preparations is 
explainable b}" the rapid removal of formed oxaloacetic acid by’' 
the reactions listed above. This would not only ser\’'e to increase 
the rate of Reaction 1,6, but would also decrease the rate of the 
reverse reaction, No. l,a. 
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In pigeon breast muscle, Reaction 2 rapidly approaches a 
steady state when approximately 50 per cent of the substrates has 
reacted (4). In the case of transaminase, however, the reac- 
tion is considerably slower in attaining equilibrium (Tables III 
and IV; Fig. 2). As shown in the preceding paper (1), boiled 
muscle extract is without influence on Reaction 2. However, this 
does not rule out the possibility of a thermolabile cofactor for this 
reaction. 

A comparison of the Qtranaomination valucs. 


^QtranBamlnatiott 


microlitera substrate transaminated 
mg. dry weight X hour 


) 


of pigeon breast muscle and transaminase is of interest. In a 
previous study (4) it was found that the Qtransamination values of 
pigeon breast muscle as measured in Reactions l,a and 2,o are of 
the order of 44 and 39, respectively, calculated on the basis of 
initial rates. With the same reactions the Qtranaamination values of 
transaminase are 1668 and 296, respectively. From this it would 
appear that with purification the activity of the enzyme as meas- 
ured in Reactions l,a and 2,a is increased 38-fold and 7.6-fold, 
respectively, a ratio of 5:1. This would suggest that the two 
reactions are catalyzed by different enzyme systems. However, 
it must be kept in mind that these ratios are based on the assump- 
tion that the Ctransamination value for pigeon breast muscle as meas- 
ured in Reaction l,o represents the optimum value. It is certain 
that the Qtranaamination value of 44 is too low. Whether it is 5 times 
too low is impossible to say, but in view of the rapidity of the side 
reactions and the difficulty of measuring optimum rates at very 
short incubation periods a Quanaamiaation value of around 200 is more 
probable. 

It is apparent from the above Qtranaamination values that there is 
about an 8-fold increase in activity with purification (this is on 
the assumption that the 38-fold increase as measured in Reaction 
1,0 is incorrect according to the above discussion), Kritzmann 
(3) has reported a 12-fold increase in activity for similar prepara- 
tions, as measured in Reaction 2. However, the transamination 
values for pigeon breast muscle used as a basis for activity com- 
parison are very low. Calculated on a QtrftnBBmination basis, she finds • 
a value of 8.9, This is about one-fourth the value reported in 
other publications from that laboratory. 
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Reaction 3 is not catalyzed by any of the transaminase prepara- 
tions tested so far. Direct stud}" of this reaction in pigeon breast 
muscle is difficult o^ing to the lack of suitable specific micro- 
methods. Indirect studies by the author (4) have sho^^m that the 
reaction does not take place to any measurable extent in pigeon 
breast muscle. On the other hand, Braunstein (10) has reported 
that Reaction 3 occurs not only in pigeon breast muscle, but also 
with purified enzyme preparations. According to Braunstein the 
enzyme preparations from pig heart and pigeon breast muscle are 
inactive with aspartic acid owing to the lack of a cofactor. How- 
ever, in the previous paper (1) it w-as shown that boiled muscle 
extracts were without influence on any transamination reactions. 

Effect of Substrate Concentration; Mtchaelis Constant for Trans- 
aminase — ^The effect of vailing the concentration of glutamic acid 
with respect to oxaloacetic acid on transamination in Reactions 
l,a and 1,6 is shown in Fig. 3. If both substrates are kept at equal 
concentrations, the amount of substrate transaminated is increased 
with increasing concentration of substrate, but the 'percentage 
of substrate transaminated is decreased. With a given concen- 
tration of glutamic or aspartic acid, increasing the relative con- 
centrations of oxaloacetic and a-ketoglutaric acids, respectively, 
results in an increase in the percentage transamination of the amino 
acids. From Fig. 3 it can also be seen that at substrate concentra- 
tions of 0.007 M and 0.014 m Reactions l,a and 1,6 approach equilib- 
rium at approximately the same rate, while at a higher concen- 
tration, 0.028 M, the equilibrium is approached at a slightly slower 
rate. 

In Fig. 4, the microliters of aspartic acid formed with valuing 
concentrations of substrate (the concentrations of glutamic and ox- 
aloacetic acids are equal) is shown. From this curv^e, the Michaelis 
constant, can be calculated for transaminase as indicated. 
The value of —log S at the point of half the maximum rate of 
aspartic acid formation is — 1.86. This corresponds to a IMichaelis 
constant, Km, of 0.0138 m. 

Effect of Temperature — ^The effect of temperature on transami- 
nase actmty measured in Reaction l,a is shown in Fig. 5. The 
optimum temperature appears to be 40®, beyond which the rate of 
the reaction slowly decreases. The crude enzyme (moist precipi- 
tate) is apparently less thermolabile, since it can withstand heating 
to 70® for 20 minutes, as first pointed out by Eritzmann (3). Be- 
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Fig. 4. Effect of substrate concentration on transaminase activity; 
Michaelis constant. The abscissa represents the negative logarithm of 
the substrate concentration (glutamic and oxaloacetic acids); the left 
ordinate represents microliters of aspartic acid formed; the right ordinate, 
points of maximum and half maximum rates. Temperature, 38®, pH 7,5; 
incubation time, 15 minutes. Km calculated from parameters as indicated. 



Fig. 5. Effect of temperature (Reaction 1, a). Substrate concentration, 
0.014 M; incubation time, 60 minutes; pH 7.5. The ordinate represents the 
percentage of aspartic acid formation calculated as percentage trans- 
amination. 
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Fig. 6. Effect of enzyme concentration on Reaction I, a. The abscissa 
represents the square root of the mg. of protein present in 3 ml. of the 
different enzyme solutions; the ordinates represent the percentage aspartic 
acid formation calculated as percentage transamination. Substrate con- 
centration, 0.014 m; incubation time, 80 minutes; temperature, 38^; pH 7.5. 



Fig. 7. pH-activity curve for transaminase. The abscissa represents 
the pH of incubation mixtures; the ordinate represents the percentage 
aspartic acid formation calculated as percentage transamination. Sub- 
strate concentration, 0.014 m; incubation time, 30 minutes; tempera- 
ture, 38°. 
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tween 20-40°, the rate of transamination is approximately doubled 
with each 10° rise in temperature. 

Effect of Enzyme Concentration — ^The effect of enzyme concen- 
tration on the percentage transamination in Reaction l,a is 
shown in Fig. 6. It appears that the percentage transamination 
is proportional to the square root of the enzyme concentration. 
This is in agreement with the so called law of Schtitz (11) which 
states that the velocity of a reaction is proportional to the square 
root of the concentration of the enzyme. However, since the per- 
centage transamination values represent rates measured after the 
reaction has attained equilibrium, it is obvious that they do not 
represent true reaction velocities. Thus the relationship seen in 
Fig. 6 may not hold when absolute velocities for Reaction l,a are 
plotted against enzyme concentration. 

Effect of pH — ^The effect of pH on transaminase activity as 
measured by Reaction l,a is shown in Fig. 7. The optimum pH 
for Reaction l,a lies at about 7.5. Reaction 2, a has a pH optimum 
in the same region. Kritzmann (3) has also reported an optimum 
pH of 7.6 for Reaction 2. 


DISCUSSION 

Identity of Transaminase Preparations Catalyzing Reactions 1 
and 2 — ^The question as to whether Reactions 1 and 2 are catalyzed 
by one and the same enzyme is not conclusively settled from this 
study. However, from the experiments in the preceding paper 
(1) it was seen that the substrates of Reactions l,o and 2,a com- 
pete for the same enzyme. It is seen from the experiments in this 
paper that both reactions have approximately the same pH optima, 
and further, that the transaminase preparations from two different 
sources, pigeon breast and pig heart muscle, behave identically. 
The one observation in favor of more than one enzyme is the dif- 
ference in Qtransamination values with purification as measured in 
Reactions l,a and 2,a, However, as previously discussed, this 
difference may well be more apparent than real. The above facts 
taken together support the idea that one and the same enzyme 
catalyzes Reactions 1 and 2. The chief substrates for this en- 
zyme are glutamic and oxaloacetic acids, on the one hand, and 
a-ketoglutaric and aspartic acids, on the other. Pyruvic acid and 
alanine have a limited affinity for the enzyme and therefore Reac- 
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tion 2 proceeds at a considerablj" slower rate than Reaction 1. 
If only one of the pair of substrates is a dicarboxylic acid, it must 
be either glutamic or a-ketoglutaric acid. Thus Reaction 3 is not 
catalyzed b}" transaminase (Tables III and IV). On the other 
hand, if the pair of substrates includes an a-amino dibasic acid and 
an a-keto dibasic acid, then glutamic acid is not required (1). 
This must mean that transaminase is chiefly concerned with the 
catalysis of reactions in which both substrates are dibasic acids 
(one an a-amino and the other an a-keto acid). 

R6lc of Transamination in Intermediary Metabolism — ^The rapid 
rate of Reaction 1 indicates that f(+)-glutamic and oxaloacetic 
acids, on the one hand, and ?(— )-aspartic and a-ketoglutaric 
acids, on the other, represent the cliief substrates for transaminase. 
The QtniMiainaUon valuc for this reaction in pigeon breast muscle is 
probably of the order of 200, which is several times greater than 
the Qoj value for that tissue. The substrates of Reaction 1 are 
also known to plaj' important r61es in the intermediar}’’ metabolism 
of muscle. Thus not only are Z(— )-aspartic acid and Z(+)-glu- 
tamic acid deh5’’drogenated by muscle (12-16) but the^^ also act 
as respiratory catalysts (17). Glutamic acid, in addition, has 
been shown to act as a hydrogen carrier not only through virtue 
of the fact that its deh3’’drogenase can function with both di- 
and triphosphop3"ridine nucleotides (15, 18), and so can couple 
with other di- and triphosphopyridine nucleotide-catal3^zed S3*s- 
tems (18, 19), but also b3’' a dismutation reaction involving a-keto- 
glutaric acid and NH3 (20). The reactions of P3uii^dc acid and 
the ke3’' roles of oxaloacetic and a-ketoglutaric acids as respira- 
toiy mediators in the Szent-G3mi:gyi-Krebs cycle have recentl3’’ 
been elucidated by Krebs (21, 22). 

It thus becomes apparent that transamination is not only an 
extremely rapid reaction in pigeon breast muscle with Qtranaaminfltion 
values several times greater than the Q02 values, but that it is also 
concerned with those very substances which have been shown to 
play key roles in the intermediary metabolism of muscle. This 
would indicate that the role of transamination is one of coupling 
or providing a common source or pathway for these important 
metabolites. In view of the rapid rate of transamination and its 
independence of aerobic conditions the importance of this reaction 
in making available such substances as a-ketoglutaric and oxalo- 
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acetic acids for muscle metabolism becomes apparent. While this 
may not be the only r61e which transamination plays, it would ap- 
pear to be the chief r61e in muscle. 

SUMMABY 

1. In the presence of transaminase, Reaction 1 has an equilib- 
rium constant {Ka/Kb = equilibrium constant) of approximately 

3.5, and Reaction 2 of approximately 1. The different equilibrium 
constant observed in pigeon breast muscle for Reaction 1 is dis- 
cussed and explained. Reaction 2 has the same equilibrium con- 
stant as in pigeon breast muscle. 

2. Reactions 1 and 2 are probably catalyzed by the same enzyme 
(transaminase). 

3. The Qtranattmination values (calculated on the basis of initial 
rates) of transaminase for Reactions l,a and 2, a are 1668 and 296, 
respectively, which represent an activity increase of 38- and 7.6- 
fold when compared with pigeon breast muscle. However, the 
38-fold activity increase for Reaction l,a is probably incorrect 
owing to the difficulty of measuring the optimum rate of this 
reaction in pigeon breast muscle. 

4. Transaminase has an optimum activity at 40° and at pH 

7.5, with a Michaelis constant for Reaction l,a of 0.0138 M. 

5. From this and previous studies by the author it appears that 
the chief substrates for transaminase from pigeon breast and pig 
heart muscle are a dibasic a-amino plus a dibasic a-keto acid. 

6. The r61e of transamination in muscle metabolism is dis- 
cussed. 

The author wishes to express his thanks to Professor C. N. H. 
Long for his interest in this work. The author is also indebted to 
Mr. G. Leverne Hekhuis for technical assistance in certain phases 
of this study. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 
LXII. STUDIES ON MYCOLIC ACID* 

Bv ALEX LESUKt axd R. J. ANDERSON 
(From the Department of Chemistry^ Yale Universztyf New Haven) 

(Received for publication, July 26, 1940) 

Mjxolic acid is the principal ether-soluble constituent obtained 
on saponification of the purified wax (1), of the soft wax (2), and 
of the wax obtained in the purification of the phosphatide (3) of 
the human tubercle bacillus and it is the onl^^ substance that we 
have been able to isolate from the bacillus that possesses the prop- 
erty of acid fastness. It has been sho\\Ti by Sabin and collabora- 
tors (4) that mycolic acid stimulates the proliferation of connective 
tissue cells when it is introduced subcutaneously into normal ani- 
mals, but it does not show specific stimulating effect on mono- 
c^ies or epithelioid cells such as is exhibited by the phosphatide 
(5) or by phthioic acid (6). 

In view of the abundance of m^xolic acid in the tubercle bacillus 
we may assume that it plays an important role in the life of the 
organism but its actual function is as yet unknonm. Chemicall}’', 
m3xolic acid is very inert and it is extremely stable against both 
acids and alkali; hence it may be one of the chief substances which 
protect the bacillus against destructive attacks hy cells or enzymes 
of the host. 

In earlier work reported from this laborator 3 ’' (7) it has been 
established that mycolic acid is a satimated compoxmd of high 

* The data are taken from the dissertation submitted by Alex Lesuk 
to the Faculty of the Graduate School, Yale University, 1939, in partial 
fulfilment of the requirements for the degree of Doctor of Philosophj". 

The present report is a part of a cooperative investigation on tuberculo- 
sis; it has been supported partly b}' funds provided hy the Research Com- 
mittee of the National Tuberculosis Association. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1937-39. 
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molecular weight and that it contains hydroxyl and methoxyl 
groups. The average equivalent weight determined by titration 
of several of the purest samples of the acid was 1284 but individual 
preparations varied from 1270 to 1316. The simplest formula cal- 
culated from combustion analysis is C 88 H 172 O 4 or C 88 H 176 O 4 . 
However, since mycolic acid does not crystallize, we have no ade- 
quate criteria of homogeneity. The acid as isolated may repre- 
sent a mixture of two or more acids which possess very similar 
properties and by reason of similar solubilities cannot be separated 
by present methods of purification. In fact, some results reported 
in the experimental part indicate that mycohc acid is not homo- 
geneous. New methods of purification must be developed before 
any definitely homogeneous mycolic acid can be isolated. 

It has been found in earlier experiments that mycolic acid de- 
composes when it is heated to 250-300° under reduced pressure 
and that normal hexacosanoic acid, C 26 H 52 O 2 , distils off, leaving a 
nearly colorless, unsaturated, non-volatile residue (7). This re- 
action might be explained on the theory that mycolic acid is a 
coordination compound, but as will be shown in the experimental 
part such a theory is untenable because normycolic acid does not 
yield hexacosanoic acid when heated under reduced pressure. 

It has been found in the present investigation that when mycolic 
acid is refluxed with hydriodic acid as in the usual Zeisel deter- 
mination only the methoxyl group is attacked, resulting in the 
formation of monoiodohydroxynormycolic acid. On reduction 
■with zinc dust and acetic acid this compound is converted into 
hydroxynormycolic acid and this substance on pyrolysis yields 
normal hexacosanoic acid and a neutral non-volatile residue. 

It has also been found that when mycolic acid is refluxed with 
more concentrated hydriodic acid both the methoxyl and the hy- 
droxyl groups are eliminated with the formation of diiodonormy- 
colic acid. This compound on reduction yields an acid which 
contains neither methoxyl nor hydroxyl and may be designated 
normycolic acid. This acid is optically inactive and when sub- 
jected to pyrolysis under reduced pressure does not yield hexaco- 
sanoic acid but is apparently decarboxylated. It is evident, 
therefore, that mycolic acid is not a coordination compound and 
that the hydroxyl group is essential for the pyrolytic cleavage to 
occur with the liberation of hexacosanoic acid. 
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Normycolic acid is not the onl 3 " product obtained on reduction 
of the iodo compound. It is possible to separate from the reduc- 
tion product by means of the slightly soluble potassium salt a 
monoh\"drox 3 mionocarbo\ylic acid which possesses a higher molec- 
ular weight than the original mycolic acid. This new acid is op- 
tically active and on pyrolysis it jdelds a volatile acid, presumably 
hexacosanoic acid. 'lAHicther the high molecular weight acid orig- 
inall}' contained methoxyl is not known, but it is evident that its 
h 3 'droxyl group had not been replaced b}- iodine during the treat- 
ment w’ith hydriodic acid. It is probable, in new of the isolation 
of this new' acid, that nycolic acid is a mixture of two acids which 
are so similar in solubilit\" that they cannot be separated by the 
methods used in purification. 

In order to secure further information concerning the structure 
of m}'colic acid, oxidative degradation was attempted. It w’as 
found, how'ever, that a ver}' complex mixture of mono- and dicar- 
boxjdic acids w'as formed when mycolic acid w’as oxidized with 
chromic acid. Onl}' three acids could be identified in this mixture, 
namel}' stearic acid, n-hexadecane-l, 16 -dicarbox 3 iic acid, and 
hexacosanoic acid. 

The presence of hexacosanoic acid among the oxidation prod- 
ucts is of special interest, since this acid is also obtained on P 3 ^- 
rob^sis. It would seem unlikely that the same group could be 
the source of hexacosanoic acid bj^ pjTob'sis and hy oxidation, 
unless mycolic acid w'ere a coordination compound. It has been 
shown, however, that acid is not a coordination compound, 

because normj^colic acid \delds no hexacosanoic acid on p^Tob'sis. 
This fact would justify the assumption that mycolic acid contains 
tw'o straight chains, each containing 26 carbon atoms and one of 
these chains carrying a carboxjd group. The presence of stearic 
acid among the oxidation products indicates that mj^colic acid 
also contains a straight chain Ci 8 group. The dicarboxjdic acids 
probably resulted from secondary oxidations. 

EXPERIMECTAIi 

I. Demeihylation of Mycolic Acid. Preparation of 
Monoiodohydroxy normycolic Acid 

The mycolic acid used in these experiments had been prepared 
as described in a former paper (7). The acid melted at 53-55.5° 
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and the molecular weight determined by titration was 1316. The 
methoxyl determination was carried out in a macro-Zeisel appara- 
tus, heated to 150°, and containing from 0.6 to 0.7 gm. of mycolic 
acid, together with 3 gm. of phenol, 8 cc. of acetic anhydride, 8 cc. 
of hydriodic acid, sp. gr. 1.70, and 1 cc. of hydriodic acid, sp. gr. 
1.96. The volatile iodide was determined quantitatively. 

Found, OCHa 1.33, 1.29 

The values for methoxyl agree with those reported earlier (7), 
namely 1.4 and 1.3. A total of 2.88 gm. of mycolic acid was de- 
methylated and the non-volatile reaction product was collected, 
washed with water, and dried in vacuo. The several lots were 
combined and dissolved in ether. The ethereal solution was 
washed first with a dilute solution of sulfur dioxide, and then with 
water, after which it was dried over sodium sulfate, filtered, and 
concentrated to a volume of about 75 cc. The iodo compound 
was precipitated as a white amorphous powder by adding an equal 
volume of methyl alcohol and cooling in ice water. The pre- 
cipitate was collected and reprecipitated in the same manner five 
times. The final product was a snow-white powder which weighed 
2.6 gm. It melted at 50.5-52.5°, and remelted at 46-48°, molecular 
weight by titration 1570, and it contained 10.31 per cent of iodine. 
The hydroxyl value determined on the methyl ester by Stodola's 
method (8) was 1.05 per cent. Before the hydroxyl value was 
determined, the acid was refluxed with benzene and dilute al- 
coholic potassium hydroxide in order to saponify any acetyl 
derivative that might have been formed. The free acid was re- 
covered and esterified with diazomethane. 

The calculated value for one OH group in a compound having 
the molecular weight of 1570 is 1.08 per cent and the iodine per- 
centage in a monoiodo compound of the above molecular weight 
is 8.08 per cent. The equivalent weight found is much too high 
for a monoiodo acid, but we can give no explanation for this high 
value. 

Hydroxynormycolic Acid — ^The monoiodohydroxynorm 5 '^colic 
acid, 2.36 gm., was dissolved in hot amyl alcohol to which zinc 
dust and acetic acid were added and the mixture was refluxed 
for 4 hours, after which the excess zinc was filtered off and washed 
with amyl alcohol. The filtrate and washings were concentrated 
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in vacuo nearly to dryness, mixed ^vith water, and extracted with 
chloroform. The chloroform solution after it had been washed 
free of acetic acid mth water was concentrated to dryness. The 
residue was dissolved in benzene and after addition of methyl 
alcoholic potassium hydroxide the solution was refluxed for 6 hours 
in order to saponif}’' any ester that might have been formed during 
the reduction. The reaction mixture was concentrated to a small 
volume hy distillation, diluted mth ether, and washed first with 
dilute hydrochloric acid and later vdth water until the washings 
were neutral to litmus. The solution was concentrated, mixed 
with methyl alcohol, and cooled in ice water. The white amor- 
phous precipitate which separated was filtered off, washed with 
methyl alcohol, and dried in vacuo. The substance was free from 
iodine. 

The white powder which weighed 1.8 gm. was dissolved in 120 
cc. of ether and the solution was neutralized to phenolphthalein 
with 0.018 N methyl alcoholic potassium hydroxide, whereupon a 
small amount of potassium salt separated. After the mixture had 
stood overnight, the precipitate was filtered off and washed with 
ether. This substance was examined as will be described later. 

The filtrate and washings which contained the ether-soluble 
potassium salt were combined and washed with dilute hydro- 
chloric acid and with water, after which the solution was concen- 
trated to a volume of about 20 cc. The addition of 50 cc. of methyl 
alcohol caused a w’hite amorphous precipitate which was collected, 
washed, and dried in vacuo. The snow-white powder weighed 1.49 
gm. This substance, which will be called hydroxynormycolic acid, 
melted at 56-58° and the molecular weight determined by titra- 
tion was 1284. 

The analytical values found are in approximate agreement with 
the calculated composition of hj^droxynormj^’colic acid. 

Analysis — CarHiTiOj (1266) 

Calculated, C 82.46, H 13.74; found, C 82.30, 82.20, H 13.18, 13.20 

The above formula is derived from that of mycolic acid, but 
like the latter is only, tentative. 

Hydroxjmormycolic acid, which still contains one hydroxyl 
group, as shown by the presence of one hydroxyl in the iodo com- 
pound, when heated imder reduced pressure at a temperature of 
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250-300° was split in the same manner as mycolic acid with the 
liberation of hexacosanoic acid. 

Isolation of a New Acid from the Ether-Insoluble Potassium Salt — 
The ether-insoluble potassium salt obtained as mentioned above 
was suspended in ether and shaken with dilute hydrochloric acid 
until everything dissolved. The free acid was isolated in the 
usual manner and precipitated from ether solution by the addition 
of methyl alcohol and cooling. The product was a white amor- 
phous powder and it weighed 0.22 gm. The acid melted at 74- 
76° without preliminary sintering; molecular weight by titration 
1518; in CHCls = -f'4.03°. 

Analysis— FonnA, C 82.69, 82.67; H 13.60, 13.72 

The methyl ester, prepared by the action of diazomethane, 
melted at 63-65°. 

Analysis — Found, OH 1.03, mol. wt. (Hast) 1475 ± 57 

When the acid was heated under reduced pressure at a tempera- 
ture of 250-300°, a crystalline acid, presumably hexacosanoic acid, 
distilled off, but owing to the small amount of material the acid 
could not be identified. 

The exact formula of the new acid cannot be established from 
the available data, nor is there any certainty as to the purity of 
the substance. The solubility of its potassium salt in ether is, 
however, distinctly lower than that of hydroxynormy colic acid. 
The analytical values found agree approximately with the cal- 
culated composition of a hydroxy acid of the formula CioiHzosOs; 
calculated, C 82.97, H 13.83, molecular weight 1504. 

Preparation of Normy colic Acid 

In an attempt to replace both the methoxyl and the hydroxyl 
groups with iodine, mycolic acid was heated with a more concen- 
trated solution of hydriodic acid. In this experiment 3.75 gm. 
of mycolic acid were refluxed for 6 hours with 15 gm. of phenol, 
25 cc. of hydriodic acid, sp. gr. 1.96, 15 cc. of hydriodic acid, sp- 
gr. 1.70, and 7 cc. of acetic anhydride. The reaction product 
was isolated and purified by precipitation from ethereal solution 
with methyl alcohol. A snow-white amorphous powder was ob- 
tained that weighed 4.09 gm. and melted at 41-43°. 

Analysis — Found, 1 16.4, mol. wt. by titration 1747 
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The equivalent weight of the substance is much too high for 
a dhodonormycolic acid. The molecular weight of a diiodonor- 
mycolic acid derived from an acid of molecular weight of 1316 
should be 153S and the iodine content should be 16.4 per cent. 

The iodo compound, 4 gm., was dissolved in hot amjd alcohol 
and reduced with zinc dust and acetic acid, after which the reduc- 
tion product was saponified as described in the first experiment. 
The recovered acid which was free of iodine was dissolved in ether 
and the solution was neutralized with, methyl alcoholic potassium 
hydroxide. Tlie ether-insoluble and the ether-soluble potassium 
salts were separated by filtration and the free acids were liberated 
in the usual manner. 

The acid obtained from the ether-insoluble potassium salt 
weighed 0.4 gm., melted at 74-76°, and corresponded in properties 
and composition mih the acid of molecular weight 1518 obtained 
in the first experiment. 

The free acid isolated from the ether-soluble potassium salt, 
after it had been precipitated from ethereal solution by methyl 
alcohol and cooling, was obtained as a white amorphous powder 
that weighed 2.7 gm. and melted at 52-54°. 

Analysis — 

Found, C S3,31, 83.39; H 13.68, 13.62; mol. wt. by titration 1280 

In chloroform solution the acid showed no optical activity. 
The methyl ester, prepared b}^ the action of diazomethane, was 
tested for hydroxjd by the method of Stodola (8) with completely 
negative results. The analytical values reported above are in 
approximate agreement with the formula C87H174O2 (1250) ; 
calculated, C 83.52, H 13.92. However, since there are no cri- 
teria of purity of the acid, the formula must be considered as 
tentative. 


Pyrolysis of Normycolic Add 

The acid, 1.5 gm., was heated imder reduced pressure as des- 
cribed for mycolic acid to a temperature of 250-300° but no vola- 
tile acid distilled off. The temperature was raised to about 400° 
but only a trace of wax-like material condensed in the outlet tube. 
The contents of the flask were dissolved in ether and the solution 
'was titrated with alcoholic potassium hydro:dde with phenol- 
phthalein as indicator, but only 0.49 mg. of potassium hydroxide 
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was required. It is evident, therefore, that the acid had been 
almost completely decarboxylated on heating. 

The ethereal solution was washed with dilute hydrochloric acid 
and with water, dried over sodium sulfate, filtered, evaporated 
to a small volume, and mixed with methyl alcohol. After the 
solution had been cooled, the precipitate was filtered, washed 
with methyl alcohol, and dried. The substance melted at 49° after 
sintering at 36°. 

Analysis— C 85.36, H 13.90; mol. wt. (East) 1170, 1203; I No. 19.2 

IJ. Oxidation of Mycolic Acid with Potassium Permanganate 

An attempt was made at first to oxidize mycolic acid in boiling 
acetone solution Avith potassium permanganate, but this procedure 
did not yield any oxidation products that appeared at all promising 
or helpful for the elucidation of structure. The principal prod- 
uct that was recovered differed but slightly in melting point and 
equivalent weight from the original acid. A small quantity of 
acids which had an equivalent weight of 741 and melted at 61- 
68° was isolated but the material was non-crystalline and was 
apparently a mixture. It is evident that oxidation with perman- 
ganate was not sufficiently drastic to break down the large mycolic 
acid molecule into smaller recognizable units. This method of 
oxidation was therefore discontinued. 

Oxidation of Mycolic Add with Chromic Acid 

It was found in preliminary experiments that when mycolic 
acid was oxidized in glacial acetic acid with chromic acid it was 
completely broken down, with the formation of a complex mix- 
ture of lower fatty acids. 

The following procedure was used in the final oxidation experi- 
ments. The mycolic acid, 3.0 gm., in 600 cc. of boiling glacial 
acetic acid, contained in a flask provided with a ground joint con- 
denser, was dispersed into finely divided globules by shaking and 
j the emulsified condition was maintained by vigorous boiling. To 
the mixture was added gradually during a period of 45 minutes 
a concentrated solution of 7.8 gm. of chromic acid dissolved in 
hot glacial acetic acid, after which the reaction mixture Avas diluted 
Avith Avater and distilled Avith steam. However, mere traces of 
steam-volatile material were obtained, and were not further 
examined. 
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The non-volatile oxidation products were extracted with ether 
and the extract, after it had been washed free of acetic acid with 
water, w'as separated into neutral and acid components. A total 
of 24.7 gra. of m3Tolic acidVas oxidized and yielded 21.1 gm. of 
fatty acids. 

The acids ^ycre esterified in ether solution vnth diazomethane 
and the meth}’! esters were subjected to fractional distillation in 
a high vacuum. Two fractionations were made in a flask pro- 
\’ided vdih a column of the Widmer t3T)e. The first fractions were 
colorless oils at room temperature while the later fractions were 
semisolid and partl3' cr3’’stalline. A gradual rise in the boiling 
point was obser\'ed without an3^ sharp change in properties. 
Three additional fractionations through a column similar to that 
recommended b3' IQenk (9) did not 3ield an3^ pure esters. After 
several further fractionations through a column similar to that 
described b3^ Craig (10) a series of 60 fractions vras collected, 
several of which had the same boiling and melting points. How- 
ever, none of these fractions was homogeneous. Further purifi- 
cation was effected b3' cr3’'stallization from acetone until the 
melting points remained constant, but ver3" small amounts of the 
pure esters were obtained. B3’' far the greater quantity of the 
esters remained unidentified and represented a veT3’' complex mix- 
ture that could not be separated into homogeneous compounds 
either b3" distillation or b3" cr3^stallization. The three ester frac- 
tions described below were the only pure substances that could 
be isolated. 

Methyl Stearate — ^Three ester fractions from the sixth fractiona- 
tion which melted at 28-28.5® were combined and cr3’stallized 
from acetone until the melting point was constant at 38®. The 
purified ester, 0.25 gm., gave on saponification the equivalent 
weight of 297. Meth3d stearate requires an equivalent weight 
of 298. 

The free acid was isolated and crystallized from acetone and 
was obtained as colorless, thin plates. The acid melted at 68.5® 
and there was no depression when mixed with an authentic sample 
of stearic acid. 

ATwZym—CisHijOj (284). Calculated. C 76.05, H 12.67 
Found. 76.10, 12.85 

Methyl n-Hexadecane-1 ,16-Dicarboxylaie — ^Three fractions from 
the fifth fractionation which melted at 38-39® were combined, 
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total weight 0.45 gm., and recrystallized from aqueous acetone 
until the melting point was constant at 55-56°. The yield was 
22 mg. as colorless needles. On saponification the ester had an 
equivalent weight of 172. The free acid on crystallization from 
aqueous acetone gave fine colorless needles which melted at 121— 
122°. 

AnoJysts— C 18 H 34 O 4 (314). Calculated. C 68.79, H 10.82 

Found. “ 68.81, ” 10.96 

The melting points of the ester as well as that of the free acid 
correspond with those reported for n-hexadecane-1 , 16-dicarboxyiic 
acid (11). 

Methyl Hexacosanoaie — Four fractions from the fifth fractiona- 
tion which melted between 53-55° were combined, total weight 

0.6 gm., and recrystallized from acetone until the melting point 
Avas constant at 62-62.5°. The purified ester, 0.35 gm., gave on 
saponification an equivalent weight of 409. The equivalent 
weight of methyl hexacosanoate is 410. The free acid on crys- 
tallization from acetone separated as colorless thin plates and 
melted at 87-88°. There was no depression of the melting point 
when the acid was mixed with pure hexacosanoic acid, m.p. 88-89°. 

Analysts— C 26 H 52 O 2 (396). Calculated. C 78.78, H 13.12 

Found. “ 78.74, “ 13.15 
“ 78.69, “ 13.11 

SUMMARY 

1. Mycolic acid yields on demethylation with hydriodic acid a 
monoiodo compound which on reduction gives hydroxynormycolic 
acid. The latter on pyrolysis is split in the same manner as my- 
colic acid into normal hexacosanoic acid and a non-volatile residue. 

2. Diiodonormycolic acid, formed when mycolic acid is refluxed 
with concentrated hydriodic acid, yields on reduction normycolic 
acid. The latter acid is decarboxylated on pyrolysis and no vola- 
tile acid is obtained. 

3. A small amount of a hydroxy acid of the approximate formula 
C104H208O3 was separated from hydroxynormycolic acid and from 
normycohc acid, thus indicating that mycolic acid is a mixture 
of two acids. 

4. When mycolic acid is oxidized "with chromic acid, a complex 
mixture of mono- and dicarboxylic acids is produced. The only 
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acids that could bo identified among the oxidation products were 
stearic acid, n-hcxadccane- 1 , 16 -dicarboxylic acid, and n-hexaco- 
sanoic acid. 
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COMPARATIVE METABOLISM OF GLUCOSE AND 
IRUCTOSE IN THE RAT 


Br N. R. BL ATHERWICK, PHOEBE J. BRADSHAW, MARY E. EWING, 
A^^> SUSAN D. SAWYER 

(From the Biochemical Laboratory of the Metropolitan Life Insurance 
Companyf New York) 

(Received for publication, July 30, 1940) 

Much is known concerning the metabolism of glucose and fruc- 
tose but one has only to read the re\dew by Deuel (1) to recall that 
many problems, especially regarding fructose, await solution or 
clarification. Our interest in this field was quickened when it was 
found that persons having essential fnictosuria do not respond 
with the usual increase in blood lactic acid observed in the normal 
individual when either fructose or sucrose is given. One hypoth- 
esis concerning the defect in metabolism giving rise to fructosuria 
is that the liver is unable to effect a stage or stages in the metab- 
olism of fructose which the normal person is able to consummate. 
It seemed possible that the failure to find an increase in the content 
of the blood lactic acid after the administration of fructose to per- 
sons with essential fructosuria might be related to the suggested 
liver defect. *This view obtains support from the experiments 
described below, which indicate that the liver of the normal ani- 
mal is intimately involved in the production of lactic acid during 
the metabolism of fructose. 

White rats of both sexes varying in age from 93 to 111 days 
and weighing from 175 to 350 gm. were fasted for 24 hours and then 
given 1.5 cc. of either 50 per cent glucose or fructose solution by 
stomach tube. After an absorption period of 1 hour, the rats were 
anesthetized with sodium amytal and then their skinned hind legs 
and livers were frozen in situ with CO 2 snow. The procedure of 
obtaming the tissues and our methods for determining the tissue 
carbohydrates have been described (2). Lactic acid, glycogen, 
and total reducing substances of liver and muscle were determined. 
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The mean values were analyzed for statistical significance by the 
t test of Fisher (3) for small series of observations. 

The values given in Table I are so arranged that a direct com- 
parison of the effects of the administration of fructose can be made 
with those resulting from the giving of glucose. It is seen that 
1 hour after the sugars are given the following tissue constituents 
of the rats fed fructose were significantly increased: liver lactic 
acid, 37.1 and 22.2 mg. per cent for fructose and glucose, respec- 

Table I 

Carbohydrate Content of Tissues of Rats Given Glucose and Fructose 


The results are expressed in mg. per 100 gm. The values for glycogen 
are given in terms of glucose. The figures in bold-faced type represent 
values for the rats given fructose. 


Substance determined 

Maximal 

Minimal 

Mean 

Stand- 
ard 
devia- 
tion of 
mean 

No. of rats 

Moles 

Fe- 

males 

Glycogen, liver 

1798 

770 

1219 

124 

4 

4 

i( (( 

2000 

796 

1628 

163 

3 

6 

muscle 

682 

501 

573 

27 

4 

4 

tt (C 

736 

613 

668* 

19 

3 

6 

Lactic acid, liver 

30.4 

14.6 

22.2 

2.2 

4 

4 

<C tt (1 

66.6 

19.0 

37.1* 

6.2 

3 

6 

** ** muscle 1 

30.5 

16.1 

22.9 

1.8 

4 

4 

(C <( tt 

43.1 

16.6 

34.7* 


3 

6 

Total reducing substances, ' 

217 

145 

175 

9.5 

4 

4 

liver 








298 

166 

204 

22.3 

2 

6 

Total reducing substances, 

37.4 

22.0 

29.1 

2.1 

4 

4 

muscle 







(( u 

34.3 

20.4 

27.0 

1.7 

2 

6 


* Statistically significant by the t test of Fisher. 


tively; muscle lactic acid, 34.7 and 22.9 mg. per cent; and muscle 
glycogen, 658 and 573 mg. per cent. The values for liver glycogen 
and for total reducing substances of muscle and liver of the animals 
fed fructose were also greater but not enough to be significant. 

niscussiON 

The results show that 1 hour after the sugars were given the 
lactic acid content of the liver and the muscles of the rats fed 
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fructose was 67 and 52 per cent greater than in the case of the 
animals to which glucose w^as administered. At the same time, 
the liver glycogen of the former group was increased by 15 per 
cent. The data show definitely that these tissues were actively 
engaged in the metabolism of fructose, with the production of 
lactic acid. It is well knovm that the blood lactic acid increases 
after the ingestion of fructose and is thus carried to the various 
tissues. The place of origin of the lactic acid in these experiments 
cannot be given but from the studies of Wierzuchowski and 
Sekuracki (4) it seems plausible to assign the major role to the 
liver. These workers found that the administration of fructose 
to the dog resulted in a marked formation of lactic acid in the 
liver, in contrast to the utilization or conversion of this substance 
when galactose, glucose, and maltose were given. Their results 
were based upon analysis of the blood entering and leaving the 
liver, while ours rested upon direct determinations made on the 
organ. 

Our findings are pertinent to the discussion regarding the greater 
rise in the respiratory quotient following the ingestion of fructose 
as compared with some other sugars. It is held by many that 
this effect is caused by an upset in the acid-base balance due to 
the production of lactic acid which results in a blowing off of CO 2 
from the blood and other tissues. Others believe that the higher 
respiratory quotient is not due to the production of lactic acid 
but that it represents a more rapid oxidation of fructose. The 
observations herein recorded are considered to give definite weight 
to the view that lactic acid production is largely responsible for 
the elevation of the respiratoiy quotient. 

SmiMABY 

The administration of fructose by stomach tube to rats resulted 
m more than a 50 per cent increase in the lactic acid content of 
the liver and the muscles as compared with the results when glucose 
was given. This intermediary production of lactic acid from fruc- 
tose is considered to be added evidence for the view that lactic 
acid is largely responsible for the higher respiratory quotients 
observed after the ingestion of this sugar. 
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A MODIFIED SILVER COBALTINITRITE METHOD FOR 
POTASSIUM DETERMINATION* 


Br JOHN E. HARRIS 

(From the Department of Obstetrics and G^ccology and the Department of 
Biochcmistnjf State University of /oira, loica City) 

(Received for publication, July 30, 1940) 

The determination of potassium as the silver cobaltinitrite salt 
was first adapted to biological materials by Breh and Gaebler (1), 
and Truszkowski and Zwemer (2) have offered modifications of 
the original method. In all these procedures the potassium ion 
is precipitated from chloride-free, Folin-Wu filtrates, but Cumings 
(3) has recently employed serum ash solution. Robinson and 
Putnam (4) have adapted the precipitation to the determination 
of potassium in water and Ismail and Hanv'ood (5) to soil analyses. 

Burgess and Kamm (6) state that the silver cobaltinitrite rea- 
gent will detect 0.5 part of potassium per million at 15°; the sensi- 
tmty decreases as the temperature is raised, being about 1 part 
per million at 20° and 5 parts per million at 30°. This property 
makes possible the use of protein-free filtrates in the lower tempera- 
ture range. In our experience, however, the existing methods 
(1, 2) were inadequate, their accuracy being no greater than i3 
to ±5 per cent, while frequently greater de\uations were noted. 
Serious sources of error appeared to be an inconstant composition 
of the precipitate, loss of precipitate during washing, and the 
presence of excess silver in the chloride- and protein-free filtrates, 
givmg rise to high values. Modifications designed to remedy these 
and other errors have been devised. The new procedure is less 
tune-consuming and appears to be accurate within ±2 per cent. 
Reagents — 

1. Potassium standard. The solution employed contains 0.1 

^ From a dissertation submitted to the Faculty of the Graduate College 
of the State University of Iowa in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy. 
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mg. of potassium per ml. (0.2228 gm. of potassium sulfate in 1 
liter of solution). 1 ml. of each of the protein precipitants is added 
to 10 ml. of the standard and diluted to 50 ml.^ 4 ml. of the 
diluted solution, containing 0.08 mg. of potassium are used as 
the standard. 

2. Precipitating reagent. The reagent of Breh and Gaebler is 
used except that the sodium cobaltinitrite and silver nitrate are 
mixed at the time of preparation rather than immediately before 
use. 210 ml. of a solution of 120 gm. of sodium nitrite in 180 ml. 
of water are added to a solution of 25 gm. of cobalt nitrate in 50 
ml. of water and 12.5 ml. of glacial acetic acid. The mixture is 
aerated for 1| to 2 hours. 0.1 volume (usually 28 ml.) of 40 
per cent silver nitrate is added and the precipitate is dissolved by 
vigorous shaking. The reagent is stored in the refrigerator, but, 
prior to use, it is warmed to room temperature and filtered. It 
should be reaerated weekly and discarded after 1 month. 

3. Protein precipitants, f n sulfuric acid and 10 per cent so- 
dium tungstate, 

4. 1.80 per cent silver nitrate. 

5. Wash reagent, 2 parts of alcohol, 1 part of ether (peroxide- 
free), and 2 parts of water. The solution should be protected 
from evaporation. 

6. 0.2 N sodium hydroxide. 

7. 10 per cent acetic acid. 

8. Diazotization materials, 1 volume of 0.6 per cent a-naphthyl- 
amine in 30 per cent acetic acid and 2 volumes of 0.5 per cent 
sulfanUic acid in 30 per cent acetic acid (freshly mixed). The 
sulfanilic acid solution appears stable, but the a-naphthylamine 
becomes colored in a week or two and must be discarded. The 
solution will keep longer if stored in the refrigerator. Robinson 
and Putnam suggest mixing the materials at the time of prepara- 
tion, but the method recommended is more economical. 

Procedure 

1 ml. of serum or plasma is added to 7 ml. of water in a centri- 
fuge tube, followed by 0.5 ml. of | n sulfuric acid, 0.5 ml. of 10 

* When the salt is precipitated from standard or ashed solutions, the solid 
tends to cling to the side of the tube. The presence of a small amount of 
tungstic acid avoids this difficulty, possibly because the precipitation is 
slower. For this reason the protein precipitants are added to the standard 
and to ashed solutions when these are employed. 
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per cent sodium tungstate, and 1 ml. of 1.80 per cent silver nitrate, 
with thorough mixing after each addition. The tube is allowed to 
stand for 15 minutes and centrifuged. 

4 ml. of the filtrate are placed in a 15 ml., graduated centrifuge 
tube and 1 ml. of 95 per cent alcohol is added, with thorough mix- 
ing. 4 ml. of the diluted standard are treated in the same manner. 
There is insufiicient filtrate for two 4 ml. samples. If it is desired 
to cany out duplicate determinations on 1 ml. of serum, 3 ml. 
aliquots of the filtrate and diluted standard are taken, 1 ml. of 
water and 1 ml. of alcohol are added and the treatment continued 
as with the 4 ml. samples. 

For whole blood analysis, 0.2 ml, of the sample is added to 8.3 
ml. of water, followed by 0.5 ml, of § N sulfuric acid, 0.5 ml. of 
10 per cent sodium tungstate, and 0.5 ml. of 1.80 per cent silver 
nitrate. 2 ml. of the filtrate are taken for analysis, an equal vol- 
ume of w^ater and 1 ml. of alcohol being added and treatment 
continued as with the plasma samples. The method is appli- 
cable to urine analyses after ashing. 

The tubes are placed in a water bath maintained at 20°. After 
5 minutes 2.0 ml. of the precipitating reagent are added and the 
contents mixed by striking the bottom of the tubes, which are 
replaced in the bath and allowed to stand for I- hour. At tempera- 
tures much higher than 25° the nitrite to potassium ratio in the 
precipitate is not constant; if the temperature is too low (16°) or 
the silver nitrate concentration too high, long, needle-like silver 
mtrite crystals may precipitate. In this case the precipitation 
must be repeated. 

Upon removal from the bath the tubes are centrifuged for 10 
minutes at about 2800 r.p.m. The supernatant fluid is removed 
to 0.2 ml. with suction, by means of a capillary glass tube. 7 ml. 
of the wash reagent are added, being blown down on the precipitate 
in such a way as to mix it completely with the wash solution.- 
After 10 minutes centrifuging the supernatant fluid is decanted, 
and, without being inverted again, the tubes are allowed to drain 

* The proper choice of wash reagent is important. In spite of the fact 
that Burgess and Kamm (6) state that the precipitate "exhibits a marked 
tendency to pass into the colloidal condition when washed with water," 
certain investigators (1, 2) use water for this purpose. Water likewise has 
the disadvantage of causing flotation of the precipitate, even when octyl or 
caprylic alcohol is used. These disadvantages have been overcome by 
a mixture of water, alcohol, and ether. 
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on an absorbent material for 6 minutes. The lips of the tubes 
are wiped and the washing repeated. It is convenient, when a 
large number of determinations are being carried out, to have two 
sets of tubes, one centrifuging while the other is being drained and 
prepared. Both may be compared with one standard. 

Mter the precipitate has been washed and drained for the 
second time, the lips of the tubes are again wiped. 10 ml. of 0.2 
N sodium hydroxide are added to each by blowing directly upon 
the precipitate, mixing it completely with the solution. Occasion- 
ally some of the material clumps in the bottom of the tube, but 
this has not been observed to vitiate the results. The tubes are 
placed in a bath of boiling water for 10 minutes, removed, and 
allowed to cool. The cooling may be hastened by placing the 
tubes under the tap. The volume is then made up to 10 ml. 
with distilled water, the contents mixed, and the tubes centrifuged 
for 5 minutes. The use of graduated centrifuge tubes has been 
found satisfactory. As an alternative procedure, the cooled, alka- 
line mixture may be quantitatively transferred to a 25 ml. volu- 
metric flask, made up to volume with water, and Altered. 

2 ml. of the centrifugate (or 5 ml. of the filtrate, if the volume is 
made to 25 ml.) of both the standard and the unknown solutions 
are added to 15 ml. of 10 per cent acetic acid in 50 ml. volumetric 
flasks. 3 ml. of the diazotization materials are added, the contents 
mixed, and the color allowed to develop for 5 minutes. The 
solutions are made up to volume with 10 per cent acetic acid, 
mixed by inversion, and the readings made, with the standard 
set at 15 mm. If the reading of the unknown is above 19 or below 
10, the color must be redeveloped, with more or less of the centrif- 
ugate as the situation demands.® Readings should be made 
within I hour after dilution. A blue light filter is used in our 
laboratory. 

® A series of solutions containing various concentrations of sodium nitrite 
was prepared and the color developed as described. The reading was 
found to be directly proportional to the concentration of the nitrite only 
within the limits specified. It is important to let the color develop a full 
6 minutes before dilution. Color development in the dilute solution 
proceeds more slowly and is not complete in 10 minutes. The precaution 
advised by Truszkowski and Zwemer of changing the standard after six 
readings does not appear to bo necessary. 
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Calcitlaiions — S/U X 40/-4 = mg. of potassium in 100 ml. of 
plasma or senim, when S = reading of standard, U = reading of 
unknox^m, and A = ml. of centrifugato of unknowTi solution taken 
for color development. (\Mien the final volume before color de- 
velopment is 25 ml., the value is multiplied hy 2.5.) 

Comment 

One of the chief objections to the determination of potassium 
as sodium potassium cobaltinitrite is that the composition of the 
salt varies with the conditions of precipitation (7). This holds 



MOM. OF K 

Fig. 1. Variation of the nitrite to potassium ratio with the potassium 
concentration at 0° and 20®. Curve 1, precipitation at 0° without alcohol; 
Curve 2, precipitation at 0® with alcohol; Curve 3, precipitation at 20®, 
All points are the averages of two or more determinations. 

true also if the silver cobaltinitrite reagent is used, varying 
amounts of AgK 2 Co(N 02)6 or Ag 2 KCk)(N 02)6 (and possibly some 
of the sodium salts) being obtained, depending especially upon 
the proportions of silver and potassium and the temperature. 

Truszkowski and Zwemer, unable to obtain satisfactory results 
^th precipitation at room temperatme during the summer heat, 
precipitated the salt overnight in an ice bath in the refrigerator; 
to prevent the precipitation of silver nitrite the silver concentra- 
tion of the precipitating reagent was reduced. Employing this 
techmque, we have determined the nitrite concentration of the 
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precipitate from known amounts of potassium. The results are 
given in Fig. 1, Curve 1; alcohol was added before precipitation 
as in the present method in another series of determinations 
shown in Curve 2. In both curves the nitrite to potassium ratio^ 
increases as the potassium concentration decreases, the silver re- 
maining constant. Reducing the silver concentration while that 
of potassium is kept constant results in a lower ratio, in harmony 
with the above facts. This is in accordance with the observations 
of Robinson and Putnam. However, Ismail and Harwood found 
no such discrepancy. 

The nitrite to potassium ratio in the precipitate formed at 20° 
in the present procedure is constant over a wide range of potassium 
concentrations (Fig. 1, Curve 3). This constancy, as confirmed 
in similar tests, is maintained fairly well at 15° and 25°. Never- 
theless, although the difference is less than 2 per cent, the ratio 
at 15° is slightly greater for low (0.04 mg.) than for higher (0.08 
mg.) potassium content, while at 25° the reverse is true. More- 
over, the nitrite to potassium ratio is higher at lower temperatures, 
being 4.06 at 15°, 3.87 at 20°, and 3.75 at 25° (with 0.08 mg. of 
potassium), all other conditions remaining constant. 

At 30° or above the ratio is significantly increased at the higher 
potassium concentrations. The ratio at 30° was found to be 3.74 
when 0.08 mg. of potassium was taken and 3.63 with 0.04 mg., 
while at 37° the nitrite to potassium ratios were 3.39 and 2.74, 
respectively. This is in contradistinction to the results at 0°, 
at which the higher ratio was obtained with the lower potassium 
concentration. Incomplete precipitation at the higher tempera- 
tures is suggested. The pivotal temperature appears to be 20°. 

Fairly accurate control of the amount of silver nitrate added 
in the preparation of the protein- and chloride-free filtrate appears 
necessary. However, a slight excess of either chloride or silver 
has no effect. Thus chloride values ranging from 450 to 850 mg. 
per 100 ml. (as NaCl) appear to be well tolerated when the amount 
of silver nitrate specified (18 mg. to 1 ml. of plasma or serum) is 
added. Beyond these limits it is well to increase or decrease the 

* The mole ratio of the nitrite concentration as determined by compari- 
son with standard sodium nitrite solution to potassium concentration 
taken for analysis. 
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amount of silver nitrate added to the plasma as the situation de- 
mands. High values result if the silver nitrate concentration of 
the filtrate is much greater than 0.05 per cent, the value theoreti- 
cally obtained wdth the lower chloride limit mentioned above. 

The presence of the ammonium ion in the sample gives rise to 
high values. For example, a solution containing 20 mg. per cent 
of potassium and 1.8 mg. per cent of ammonia nitrogen (as ammo- 
nium acetate) showed a measured potassium value of 22 mg. per 
cent. Thus the results of Scudder, Corcoran, and Drew (8) per- 
taining to the effect of ammonia on the diffusion of potassium from 
erythrocjies should be accepted wdth reser\*ation, since they failed 
to remove added ammonia from plasma samples before the deter- 


Table I 

Recovery of Potaszxum from Knovm Solutions 


Potaa^mn t 2 Lken 

No. of deter- 
ramationa 

Recorcry, arcrase 
TaJuo 

Maximtua deviation 

nffi j>er 

! 

n?. per cerJ 

tnjr. per cerJi 

50.0 

4 

49.5 

49.2 -49.6 

40.0 

3 

40.0 

39.5 -40.5 

25.0 

4 

24.6 

24.4 -25.0 

22.5 

2 

22.5 


20.0 

7 

20.1 

19.9 -20.3 

15.0 

2 

15.0 


10.0 

9 

10.0 

9.85-10.13 


mination of potassium by a silver cobaltinitrite method. Favor- 
able comparison of values on ashed and filtrate specimens indicates 
that the small amoimt of ammonia present in freshly drawn serum 
or plasma is insufficient to interfere. 

Results 

A series of determinations with known concentrations of po- 
tassium were carried out according to the present procedure. 
The results are given in Table I. It will be observ^ed that the 
greatest error is 1.6 per cent. Thus a conservative estimate of 
the method's accuracy is ±2 per cent. 

It seemed desirable to carry out parallel determinations on 
plasma samples according to both the present procedure and a 
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chloroplatinate technique. For the latter, the method of Con- 
solazio and Talbott (9) was used after slight modification and 
verification with known potassium solutions. Determinations 
were made in duplicate. Table II indicates that the present 
method gives values slightly higher than those obtained with the 
chloroplatinate method. The variations are within the limits of 

Table II 

Com'parison of Parallel Determinations of Serum Potassium by Chloro- 
'platinate Method and Method Described 


The values are given in mg. per 100 cc, of serum. 


Determination No. 

Chloroplatinate 

method 

Method described 

la 

18.3 

18.0 

lb 

19.1 

18.3 

Ic 

17.1 

17.1 

2 

16.1 

16.3* 

3t 

8.10 

7.84* 

4a 

17.0 

17.2 

4b 

16.7 

16.8 

4c 

18.7 

19.2 

5a 

22.9 

23.4 

5b 

23.3 

24.1 

5c ' 

25.6 

25.6 

6a ' 

15.5 

15,4 

6b 

16.7 

17.1 

6c 

17.1 ! 

17.6 

Average 

18.0 

18.1 


The three values for the same individual represent samples taken before, 
during, and after transfusion with preserved blood. 

* Not in duplicate, 
t Diluted plasma of fresh blood. 

error of the methods but are consistent. The disci'epancy can 
perhaps be ascribed to differences in treatment before precipita- 
tion; the chloroplatinate technique involves ashing, while in the 
present procedure protein-free filtrates are used. The fact that 
the values of ashed specimens as determined by the described 
method are generally 1 to 2 per cent lower than the corresponding 
filtrate values is in harmony vdth this suggestion. 
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SUMMARY 

A procedure for the determination of potassium as potassium 
silver cobaltinitrite has been described. In the temperature range 
studied, it appears that 20® is the most favorable for precipitation, 
since at that point the nitrite to potassium ratio remains constant 
over a vdde range of potassium concentrations. Water as a wash 
reagent has been replaced by a solution of water, alcohol, and ether. 
The method appears to be accurate mthin =t2 per cent. 
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CHEMISTRY OF THE CHICK EMBRYO 


in. DISTRIBUTION OF DIPEPTIDASE IN THE CEPHALIC REGION 
OF THE THREE DAY EMBRYO* 

By ALBERT H. PALMER akd MILTON LEVY 

(From the Dcparlmcni of Chemistryt New York University College of Medicine, 

New York) 

(Received for publication, August 3, 1940) 

During the early stages of incubation the cephalic region of 
the chick embryo increases in weight much more rapidly than does 
the body. It has been suggested (3) that the weight accumulation 
coefficient during the first phase of weight accumulation is largely 
related to the increase in cephalic tissue, increase in body tissue 
pla3ring a minor role. Quantitative information regarding the 
distribution of enzymes in this region should be of interest. The 
present paper deals with the distribution of alanylglycine dipep- 
tidase. 


Materials and Methods 

The source of eggs, incubation practice, and estimation of di- 
peptidase have been described (3, 5). 

Because we wished to estimate an enzyme in microtome sections, 
ordinary methods of fixing, staining, and imbedding could not be 
used; neither did we find it possible to remove frozen sections from 
the knife for tissue measurements. We obser^’^ed, however, that 
while the embryo was being cut on the microtome, the boundaries 
between the various parts of the embryo were clearly visible on 
the freshly cut surface of the ice block. We developed the follow- 
uig technique for obtaining a record of the distribution of each 
kind of tissue in the sections. 

* Aided by a grant from the National Research Council. 

Presented in part before the American Society of Biological Chemists at 
Baltimore (Levy, M., and Palmer, A. H., Proc, Am. Soc. Biol. Chem., 

Biol Chem., 123, p. xc (1938)). 
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A microscope tube was mounted on the knife carriage of a 
clinical freezing microtome. The mounting was adjustable in the 
horizontal plane, so that the microscope could be set over any part 
of the freezing stage and the regular rack and pinion adjustments 
of the microscope were retained. A Zeiss Miflex camera was 
mounted on the microscope with a roll film carrier, enabling us 
to take sixteen pictures on a roll of No. 127 Panatomic film. The 
entire microscope and camera moved with the knife and were set 
so that the microscope was above the specimen on the extreme 
back position of the knife. Illumination was provided by a 200 
watt lamp through a condenser and CuSOi filter solution. The 
light impinged at an angle of about 30° on the cut surface. With 
the 32 mm. objective ordinarily used, we found 0.5 second ex- i 
posure to be adequate. After the specimen had been frozen in 
position and the surface cut to some initial point, the microscope 
was brought to position and focused. (A magnifying focusing de- 
vice is much more satisfactory than the usual ground glass plate.) 
The microtome was operated until the initial point desired was 
reached and an exposure was made immediately after cutting the 
surface; delay allowed the accumulation of frost which obscured 
the picture. The next forward movement of the knife cut the 
desired section. 

. Preparation and Mounting of Specimen — ^Embryos were removed 
from the egg as previously described (3). All embryonic mem- 
branes except a small strip caudally were cut away. 

A cylinder of tin-foil was prepared by rolling a narrow strip 
on an 8 mm. vaselined glass rod and fastened together with a bit 
of Scotch tape. The cylinder was set upright on the microtome 
stage and a few drops of 0.05 per cent methylene blue in 0.9 per 
cent NaCl placed in it. This was frozen and served to hold the 
cylinder in place during subsequent operations. The use of meth- 
ylene blue in the mounting fluid sharpened the outline of the 
embryo and reduced subsurface reflections in the ice. It did not 
interfere with subsequent dipeptidase estimations. 

The embryo was washed with the same methylene blue saline, 
lifted by the bit of membrane remaining, and, if properly prepared, 
oriented in a vertical position with the head down. It was care- 
fully lowered into the cylinder and held by one operator while the' 
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other added methjdcne blue saline and operated the CO 2 valve 
so that the embrj^o was frozen within the tin-foil cylinder imbedded 
in ice. The tin-foil was stripped off. Unwanted sections of the 
embrj^o were cut and dLSccirded. If trans^’erse sections were 
wanted, cutting and photographing were continued without change 
of position. If sagittal or frontal sections were required, the ex- 
posed trans^^erse section W’as photographed for orientation, a flat 
side shaved on the ice cylinder, and the cylinder broken free from 
the stage. It was then refrozen to the stage on its flat surface. 
After readjustment of the microscope and camera, sectioning was 
continued. Our general practice was to discard every other sec- 
tion. At the end of each run a photograph of a mm. scale was 
made without changing the setting. This serv'ed as a measure 
of magnification. The sections were alwa 3 ’s 0.05 mm. thick. 

The section melted almost immediately after cutting. The 
drop of material representing the section was picked up with a 2.5 
mm. circle of filter paper held in forceps designed for removing 
foreign objects from the external ear canal. The paper circles 
were cut with a saddler's punch. The paper took up all of the 
material cut and was then transferred to a tube containing 8.5 
cjnm, of 30 per cent glycerol. From this point the estimation 
of dipeptidase actmty followed the usual procedure. From the 
data the activity of each section was calculated and converted 
to dipeptidase units. Blanks were obtained by using sections at 
regular intervals with addition of acid before substrate. Inter- 
mediate blanks were estimated by interpolation between these. 

Estimation of Amounts of Tissue — ^Projection prints of the nega- 
tives and the scale were made. The outlines of the various tissues 
were marked on this and their areas measured with a planimeter. 
Comparison with a measured area on the scale allowed the cal- 
culation of the volumes of each kind of tissue, ectoderm (E), 
mesenchyme (ilf), and cephalic fluid (C), from the areas and the 
thickness of the sections (0.05 mm.). These volumes were plotted 
against section number and a line drawn through the points as in 
Eig. 1 (lower curves marked E, M, (7). The volumes of tissue 
present in each section used for dipeptidase were read from these 
diagrams at a point half way through the section. We thus had 
measurements of the volumes of ectoderm, mesenchyme, and ce- 
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phalic fluid as well as the amount of dipeptidase in each section. 
Fig. 1 illustrates the data obtained by different directions of sec- 
tioning. I 



Fig. 1. The figures on the abscissa represent the numbers of the sections; 
the ordinates represent dipeptidase units per section (upper curves), or 
c.mm. of tissue per section (lower curves) ; E ectoderm, M mesenchyme, C 
cephalic fluid. The numbers in the upper left-hand corners are the num- 
bers of the embryo in Table I. The dots are experimental values. The 
dash curves are calculated from U = fiE -b ftM, as defined in the text. 
The direction of sectioning was sagittal (Embryos 2 and 4), frontal (Em- 
bryo 10), or transverse (Embryo 13). 

DISCUSSION 

As a hypothesis for the treatment of the data we assume that 
each type of tissue has a characteristic enzyme concentration. 
This assumption leads to the equation, U = fiE + fM -f fzC, 
where U is the total enzyme in units and E, M, and C are the 
volumes in c.mm. of ectoderm, mesenchyme, and cephalic fluid, 
respectively, in each section, and/i,/ 2 , /a are characteristic concen- 
trations of dipeptidase in units per c.mm. Direct study of isolated 
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cephalic fluid showed fz to be 0. It had no enz^one, nor did it in- 
hibit or activate an cnzjTne extract. The equation reduces to 
U — fiE + fuM. Estimation of /i and A is more difficult. No 
sections could be obtained in which only one kind of tissue was 
present in significant quantities. It becomes necessarj^ to solve 
the series of simultaneous equations for each embiy'o for fi and 
/s. This can be done b}’ use of the method of least squares. How- 
ever, the result 'will be vitiated hy the presence in the series of 


Table I 


Dislributton Constants of Dipcptidasc in Chick Embryo Heads 


■ 

Direction of 
Bcctioning 

Linear 
correlation 
coefficient 
E ri. 3/ 

D 

■ 


Arerase 
error per 
section 

1 

Sagittal 

0.56 

I uniU per 
C.riri. 

954 

1 

uniti per j 
c.nm, 

273 

86 

dzO 

2 

(f 

0.39 

916 

255 

72 

iS 

3 

f( 

1 

0,53 

1135 

358 

75 

ilO 

4 

It 

0.45 

617 

341 

80 

i9 

5 

tt 

0.61 

597 

367 

66 

±7 

6 

It 

0.6S 

1 753 

368 

73 

il2 

7 

Frontal 

0.29 

1109 

202 

72 

rblO 

8 

(f 

0.40 

990 

225 

81 

=fc5 

9 

If 

0.28 

1244 

153 

74 

ilO 

10 

(f 

0.14 

1233 

225 

83 

±6 

11 ' 

Transverse 

0.84 

353 

640 

86 

±7 

12 

(( 

0.78 

476 

470 

68 


13 

tt 

0.84 

1045 

283 

86 

db9 

14 

tt 

0.80 

575 

420 ! 

78 

i23 

Average, Embryos 1-10 

955 

277 




sections of' proportional amounts of ectoderm and mesenchyme. 
This proportionality can be judged by means of the correlation 
between E and ilf. If the correlation is perfect, z.e. the correla- 
tion coeflBcient is 1, then the data are not suitable for effective 
characterization of /i and A- If the correlation is low, a more 
or less accurate differentiation of /i and A can be made. In trans- 
verse sections we find the correlation coefficient to be high, 0.78 
to 0.84; in frontal sections it is low, 0.14 to 0.40; and in sagittal 
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sections, intermediate, 0.39 to 0.68. With this in mind, we have 
excluded from the averages all the transverse sectionings. 

Table I shows the values of /i, fi, and correlation coefficient 
between E and M in each embryo head as well as the average, U 
per section and the probable error of the calculated values. In 
Fig. 1 the calculated values of U obtained from the factors and E 
and M of each section are shown. 

The averaged values of fi and fz (Table I) show that the concen- 
tration of dipeptidase is about 3 times as great in ectoderm as in 
mesenchyme. While we know that cells in the ectoderm are more 
closely packed than in the mesenchyme, we cannot at this time 
form an opinion as to whether /i and/z are proportional to the cell 
concentrations in the respective tissues. Changes in the factors 
during development may serve as a clue to the metabolic tools and 
processes of the various types of tissue. 

With marine ova Holter, Lanz, and Linderstr0m-Lang (1) have 
shown that the first three cleavages are unaccompanied by change 
in the total dipeptidase and the resultant eight blastomeres con- 
tain one-eighth of the original dipeptidase each. Similarly, Holter 
and Lindahl (2) have shown that up to the pluteus stage in Para- 
ceniroius Hindus the enzyme concentration remains the same in 
the various parts of the embryo. The marine ova which have 
been studied represent a much earlier stage in development than 
our chick embryos, assuming comparability of the two kinds of 
embryos. As Linderstr0m-Lang (4) remarks, differences in distri- 
bution must occur, because the dipeptidase is not equally distrib- 
uted in the grown animal. It may be that as long as growth 
occurs by division of the initial cell without increase of total sub- 
stance, each cell will have its proportion of the total dipeptidase 
originally present. When growth occurs by multiplication, with 
increase of substance, each new cell formed should have its com- 
plement of newly formed enzymes. 

SUMMARY 

Dipeptidase in the cephalic region of the chick embryo is distrib- 
uted in concentrations characteristic of each kind of tissue. Ec- 
toderm contains about 3 times the concentration of dipeptidase 
in mesenchyme and the cephalic fluid contains none of the enzyme. 
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THE ACTIVATION OF COCARBOXYLASE BY THIAMINE* 

By M. a. LIPTON akd C. A. ELVEHJEM 

(From the Department of Biochcmislri/f College of AgricuUurCt University of 
Wisconsin f Madison) 

(Received for publication, August 2, 1940) 

The discovery of the identity of cocarbo\y]ase and thiamine 
pjTOphosphate (1) has stimulated considerable research upon the 
distribution and function of this compound in biological materials. 
Such research requires a convenient and accurate method for the 
determination of this compound. The most mdely used method 
is that in which cocarboxylase is determined b}^ measuring its 
activity as the coenzyme for yeast carboxylase. Yeast washed 
with alkaline phosphate buffer is unable to decarboxylate p3’Tuvic 
acid, but upon the addition of cocarboxylase and magnesium or 
manganese, actmty is restored. Lohmann and Schuster (1) have 
described optimum conditions for the test and have demonstrated 
that the method is highly specific since neither thiamine nor 
thiamine monophosphate shows actmty in this test. The assay 
procedure of Lohmann and Schuster has been employed by most 
workers who have studied the distribution of cocarboxylase or the 
mechanism of its sjmthesis from thiamine by yeast, animal, or 
bacterial enzymes (2-5). 

Recently, Ochoa and Peters (6) have shovsTi that, although 
thiamine is inactive as the coenzjTOe for bakers’ yeast carboxylase, 
it nevertheless augments the activity of small amounts of cocar- 
boxylase. As a result of this finding, they consider previous 
methods for the quantitative determination of cocarboxylase to 
be invalid, particularly when free thiamine is present with co- 
carboxylase. Since thiamine is necessarily added to enzyme sys- 
tems in which the synthesis of cocarboxylase is being studied, 

* Published with the approval of the Director of the Wisconsin Agricul- 
tural Experiment Station. 

Supported in part by a grant from the Research Funds of the University. 
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Ochoa and Peters feel that the experiments of various workers 
(2-4) who have neglected to account for the stimulatory effect 
of thiamine upon cocarboxylase have been incorrectly interpreted. 

We have previously shown that cocarboxylase may be synthe- 
sized from thiamine by enzymes present in alkaline washed 
brewers’ yeast, provided that hexose diphosphate and boiled tissue 
extracts are present (2). In this work the amount of cocarboxylase 
present after synthesis was determined by the method of Lohmann 
and Schuster (1). The work has been criticized, therefore, on 
the grounds that the increased decarboxylation of pyruvic acid 
noted in our experiments was due not to the synthesis of cocar- 
boxylase, but rather to the activation of cocarboxylase present in 
our boiled tissue extracts by the thiamine which was added. 

Reference to our published data (2) shows that the phenomenon 
noted by the English workers was not observed in our experiments. 
Thus, when thiamine was added to a system capable of syn- 
thesizing cocarboxylase in the presence of an inhibitor of the syn- 
thesis (sodium iodoacetate), no increase in the rate of decarboxyla- 
tion of pyruvic acid occurred. Since iodoacetate has been sho^vn 
to affect the synthesis but not the activation of cocarboxylase 
by thiamine (2, 6), it will be apparent that activation did not 
occur in our work. It was also sho\vn (7) that an incubation 
period of 30 to 60 minutes was required for appreciable synthesis 
of cocarboxylase. Experiments in which thiamine was added to a 
system which could synthesize cocferboxylase showed that if the 
enzymes required for s 3 mthesis were inactivated immediately by 
boiling the amount of cocarboxylase measured by our method did 
not increase. These two experiments demonstrated that the 
activation of cocarboxylase by thiamine described by Ochoa and 
Peters (6) was absent in our work. 

Our experiments were performed before pure cocarboxylase was 
available. The chemical synthesis of cocarbo.xylase from thiamine 
(8) made it possible to test the question of activation directly.* 
The results which we have obtained demonstrate that activation 
of cocarboxylase by thiamine is dependent upon the type of yeast 
employed. When brewers’ bottom yeast, which we have con- 
sistently employed in our experiments, is used as the source of 

* We are indebted to Merck and Company, Inc., Rahway, New Jersey, 
for generous gifts of thiamine and synthetic cocarboxylase. 
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the enzjTTie, our previous results (2, 3, 7) may be confirmed, for 
little or no activation can be obser\'ed. However, in the presence 
of bakers’ yeast atiozjmase, the obscrv^ations of Ochoa and 
Peters (6) may rcadil}" be verified. Our observ'ations upon the 
behavior of the two types of yeast are in accord ^\ith those of 
Lipmann (9) and Wcstenbrink and van Dorp (10). However, 
our data suggest a different mechanism for the activation of 
cocarboxylase by thiamine from that suggested by Westenbrink 
and van Dorp (10). 


Methods 

The methods which we employ have been described pre\dously 
(2, 3, 7). Two samples of brewers’ bottom yeast obtained from 
local breweries have been studied. Three different samples of 
commercial bakers’ yeast have also been used. All of the fresh 
yeast samples were crumbled finely and dried rapidly at room 
temperature vith the aid of a fan. The dried yeast was stored 
in the refrigerator. Atiozjnnase (alkaline washed yeast) was pre- 
pared by washing these yeasts in 50 volumes of 0.1 isr Na 2 HP 04 
buffer at room temperature for 6 to 10 minutes. In order to 
eliminate the possibility that the results obtained, particularly 
with the brewers’ yeast, were due to incomplete washing, we have 
varied the number of alkaline washes from two to five times. 
A final washing with water was always emplo^^ed to remove the 
alkaline phosphate. The washed yeast was either suspended in 
buffer at pH 6,2 and used directly, or it was spread on a glass 
plate and dried rapidly ^rith the aid of a fan. Dried atioz 3 Tnase 
shows about 20 per cent loss in activity when stored at room 
temperature in a desiccator for a week. 

Magnesium, manganese, sodium pyruvate, sodium iodoacetate, 
and sodium fluoride were employed in the concentrations pre- 
viously described (2, 7). The experiments were conducted in 
either 0.1 xi sodium and potassium phosphate, xr/15 maleate, 
or xr/15 succinate buffers, all at pH 6.2. In general, the metallic 
activators, inhibitors, coenzymes, substrate, and buffer as desired 
V'ere added to the Barcroft vessel before the introduction of the 
stiozymase. Immediately after the addition of the yeast enzyme, 
the vessels were connected to the manometers, placed in the con- 
stant temperature bath, and equilibrated for 5 minutes. The 
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cocks were then closed and readings were taken at 10 minute 
intervals. 


Results 

A large number of experiments have been performed with atio- 
Z 3 anase prepared from bakers’ and brewers’ yeast in order to 
determine the activating effect of thiamine upon cocarboxylase. 
The difference between atiozymase preparations from bakers’ and 
brewers’ yeast may readily be observed in Table I. The results 
of twelve experiments with brewers’ yeast atiozymase under vary- 
ing conditions showed an average activation of only 10 per cent 
upon the addition of thiamine. Eight experiments with bakers’ 
yeast atiozymase show that the addition of thiamine to cocar- 
boxylase causes activation to the extent of 322 per cent. The 
magnitude of the difference between the two types of yeast with 
respect to activation by thiamine readily explains the conflicting 
results of our work (2, 3, 7) and that of Ochoa and Peters (6). 

Several interesting features of these experiments may be noted. 
First, it can be seen that the enzyme prepared from brewers’ 
yeast is more active than that made from bakers’ yeast. Second, 
the failure to achieve activation in the case of brewers’ yeast 
cannot be due to thiamine already present in the yeast, since 
bacterial assay of atiozymase Preparation 4A by the method of 
West and Wilson (11) shows the presence of less than 0.5 y of 
thiamine per gm. of atiozymase. Since only 100 mg. of enzyme 
are employed in these experiments, it is obvious that the amount 
of thiamine present is much too small to account for the failure to 
achieve activation. It may also be recalled that Lohmann and 
Schuster (1) and Hennessy and Cerecedo (12) have shown that 
little free thiamine is present in brewers’ yeast. 

On the other hand, the activation of cocarboxylase by thiamine 
in the presence of bakers’ yeast atiozymase cannot possibly be 
due to the phosphorylation of the thiamine to form cocarboxylase 
by the enzymes present in this alkaline washed yeast. The evi- 
dence for this is quite conclusive, for Ochoa and Peters (6) have 
shown that pyrimidine fragments of thiamine activate cocar- 
boxylase in a manner similar to that of the intact thiamine mole- 
cule. They have also shown that activation occurs in the pres- 
ence of iodoacetic acid. 
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Table I 

Relation of Bakers* and Brctccrs* Yeast Atiozijmasc to Activation 
of Cocarhoxylasc by Thiamine 

1 gm. of bakers’ or brewers’ yeast wa5 washed as indicated with 50 
volumes of 0.1 M Nn-HPOi for 6 minutes each time, and then once with 50 
volumes of water. For the experiments wdth phosphate-free buffers two 
or three short washings with water followed the alkaline phosphate wash- 
ing. The washed yeast preparations were suspended in 10 cc. of buffer 
(pH 6.2) as indicated. Each Barcroft vessel contained 1 cc. of washed 
yeast suspension and standard quantities of sodium pyruvate, magnesium, 
and manganese. In addition, 1 7 of cocarboxylase, sufficient thiamine to 
give maximum activation (10 to 100 7 ), 0.005 m sodium iodoacetate, and 
0.01 M sodium fluoride were added as indicated. 
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tt tt 

1 


fc 


775 

833 



8a 

tt tt 

1 


cr 


550 

626 



9a 

tt tt 

1 

5 

ff 


359 

464 



10a 

tt tt 

1 

III 

ff 

32.8 

392 

524 



10b 

tt tt 

2 

m 

ff 

137 I 

651 

724 



10c 

tt tt 

2 

2 

ff 

1 

137 

765 

844 




This observation has been confirmed by our work, and we have 
also shown that sodium fluoride does not inhibit thiamine activa- 
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tion (Table I). Each of these compounds effectively inhibits 
cocarboxylase synthesis under specific conditions (2, 3, 7). Final 
proof for the view that thiamine does not activate cocarboxylase 
by being converted into this compound may be seen from the fact 
that thiamine activates cocarboxylase even in the absence of 
inorganic phosphate. These experiments are particularly sig- 
nificant, for they emphasize the difference between the yeast 



Fig. 1. The activation of cocarboxylase by 10 7 of thiamine added to dif- 
ferent levels of cocarboxylase. Curves I and II represent brewers* yeast 
atiozymase with and without thiamine; Curves III and IV, bakers* yeast 
atiozymase with and without thiamine. The usual amounts of atiozymase, 
Mg, Mn, and sodium pyruvate were added. Phosphate buffer, pH 6 . 2 , 
was employed. 

carboxylase and the system for the oxidation of pyruvic acid by 
bacteria which requires inorganic phosphate (13), 

We have also attempted to secure activation of cocarboxylase 
by thiamine at lower levels of added cocarboxylase. Fig. 1 shows 
the activating effect of thiamine upon atiozymase preparations 
from brewers’ and bakers’ yeasts in the presence of varying 
amounts of cocarboxylase. Curves I and II show that at levels 
between 0.4 and 3.2 y of cocarboxylase thiamine shows no appre- 
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ciable activating effect vdih brewers’ yeast atiozymase. Other 
unpublished experiments show no activating effect at levels as 
low as 0,02 y of added cocarbox^dasc. Stimulation with thiamine 
in the presence of bakers’ yeast atiozymase is clearly sho\vn in 
Cur^-es III and IV. However, even in bakers’ yeast the ineffi- 
cienc}' of thiamine activation is apparent. Thus the rates of 
decarboxjdation of pjTuvic acid are approximately equal in the 
presence of 4.0 y of cocarbox>dase, or 1.0 y of cocarboxylase and 
10 y of free thiamine. Data similar to these may be found in the 
work of Ochoa and Peters (6). The inefficiency of thiamine 
activation casts some doubt upon the in vivo significance of this 
phenomenon. 


Table II 

Effect of Magnesium and Manganese upon Activation of Cocarboxylasc by 
Free Thiamine in Presence of Bretcers' Yeast Atiozymase 


Each flask contained standard amounts of atioz>Tnase and p 3 Tuvic acid. 
1 r of cocarboxylase, 100 y of thiamine, 100 y of magnesium, and 100 y of 
manganese were added as indicated. 


Experiment No. 

; Ion 

COt, c.tnm, per hr. 

Per cent 
fictivation 

Cocarborylase 

Cocarboiylase -f- 
thifiznine 

1 

Me 

361 

469 

29.8 


Mn 

731 

815 

11.3 


Mg -f Mn 

775 

833 

8.5 

2 

Mg 

460 

542 

17.0 


Ma 

813 

891 

9.6 


Mg -f ^In 

765 

844 

10.4 


We have submitted a sample of our brewers’ yeast to Dr. Peters 
and Dr. Ochoa and have received from them data which appear 
to be only partially in agreement with our ovm. Under experi- 
mental conditions which appear to be identical with our own, they 
have reported to us three experiments with an average activation 
of cocarboxylase by thiamine of 43.1 per cent. In the absence 
of manganese, the activity of cocarboxylase is decreased, and the 
stimulatory effect of thiamine rises to 106 per cent. We have 
performed similar experiments (Table II) and find the average 
activation in the presence of magnesium to be 24 per cent. In 
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the presence of manganese, or of magnesium and manganese, the 
activation was approximately 11 per cent. 

It was considered possible that the differences in the behavior 
of our yeast in this and the Oxford laboratory might have been 
due to changes during shipment to England. A sample of dried 
yeast was therefore placed in an incubator at 37° for 2 weeks. 
Before storage under these conditions atiozymase prepared from 
the yeast showed CO 2 production of 654 c.nun. in 1 hour with 1 y 
of cocarboxylase, and 724 c.mm. with 1 7 of cocarboxylase and 
100 7 of thiamine. After storage atiozymase showed a value of 
392 c.mm. with cocarboxylase, and 524 c.mm. with cocarboxylase 
and thiamine. Storage caused a decrease in the total activity of 
the enzyme, while it raised the thiamine activation from 11 to 
34 per cent. It appears, therefore, that thiamine activation of 
cocarboxylase with brewers’ yeast atiozymase is augmented by 
conditions which decrease the total activity of the enzyme system. 
Storage, or the omission of manganese from the system, increases 
the degree of activation. 

Mechanism of Thiamine Activation of Cocarboxylase — The experi- 
ments already cited demonstrate that thiamine activation with 
alkaline washed bakers’ yeast cannot be due to synthesis of the 
vitamin to cocarboxylase. Westenbrink and van Dorp ( 10 ) have 
recently suggested that there is a phosphatase present in bakers’ 
yeast which can hydrolyze cocarboxylase. The activating effect 
of thiamine upon cocarboxylase, according to these workers, is 
due to the inhibition of the phosphatase action by one of the end- 
products of the hydrolytic reaction; namely, thiamine. Evidence 
against this view has already been presented in Table I, for 
thiamine activation occurs in the absence of inorganic phosphate, 
the other end-product of cocarboxylase hydrolysis. Both thi- 
amine and phosphate should be required to prevent cocarboxylase 
hydrolysis. Still further evidence against this view is available. 

Fig. 2 shows the rate of pyruvic acid decarboxylation plotted 
against time with different levels of cocarboxylase in the presence 
of bakers’ yeast atiozymase. It can readily be seen that at low 
levels of cocarboxylase the rate of decarboxylation of pyruvic 
acid is practically linear. With higher levels of cocarboxylase, 
there is a gradual decrease in velocity, owing presumably to the 
accumulation of appreciable quantities of acetaldehyde, which 
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Lohmann and Schuster have shown to be toxic to the enzyme (1). 
The fact that there is linear CO 2 production with low levels of 
cocarboxjdase argues strongly against a decrease in the amoimt of 
cocarboxylase of the S 3 ^stem as a result of phosphatase action. 
Since alkaline washed brewers^ 3 "east responds only to cocar- 



Fig. 2. The rate of p\Tuvic acid decarboxylation at different lev'els of 
cocarboxylasc. CO = cocarbox 3 ’lase. The usual amounts of atiozj’mase, 
Mg, Mn, and sodium pjTuvate were added- Phosphate buffer, pH 6.2, 
was emplo\"ed. 

boxylase, and is insensitive to the addition of thiamine, it seemed 
that we might add cocarboxylase to alkaline washed bakers^ yeast, 
both in the presence and absence of thiamine, and then determine 
the fate of this cocarboxylase by assaying the boiled bakers’ yeast 
atiozymase with alkaline washed brewers’ yeast in the usual 
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manner. We, therefore, added 1 7 of cocarboxylase, and the usual 
quantities of magnesium and manganese to 100 mg. of alkaline 
washed bakers’ yeast, and after aerobic incubation at 30° for 
various periods of time, we boiled the yeast for 5 minutes and 
determined the cocarboxylase present in an aliquot, using brewers’ 
yeast atiozymase. Similar experiments were performed with the 



Fig. 3. The recovery of cocarboxylase incubated at 30® with alkaline 
washed bakers^ yeast for various time periods. Curve I, 1 y of cocarboxy- 
lase and 50 of thiamine were incubated together; Curve II, 1 7 of cocar- 
boxylase was incubated alone. The assay was performed by adding sodium 
pyruvate and 100 mg. of brewers^ yeast atiozymase to the boiled bakers^ 
yeast. 

addition of 1 7 of cocarboxylase and 50 7 of thiamine to the bakers’ 
yeast enzyme. The results are shown in Fig. 3. When cocar- 
boxylase and thiamine were incubated together with the bakers’ 
yeast atiozymase, no change in the cocarboxylase content occurred 
^vith time. But when cocarboxylase was incubated alone with 
the bakers’ yeast, a gradually increased recovery of cocarboxylase 
occurred with increasing length of incubation. 
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The smallest recovery of cocarbox^iase was obtained when the 
bakers’ yeast enzyme was boiled immediately after the addition 
of cocarboxylase. The few seconds required for this procedure 
seem much too short to permit enzjTne action as a cause of the 
disappearance. Likewise, the reappearance of the cocarboxylase 
as a result of incubation cannot be due to resynthesis of cocar- 
boxylase produced by immediate hydrolysis of the added cocar- 
boxylase, because alkaline washed yeast lacks the other coenzymes 
necessary for cocarboxylase synthesis (2, 7). 

Any explanation of these results must consider two facts; first, 
that the apparent rapid disappearance of cocarboxylase is pre- 
vented by thiamine; second, that the cocarboxylase reappears 
with time under conditions in which the reappearance cannot be 
due to resynthesis. It seemed most likely' that these results w’ere 
due to the ability of the bakers’ yeast to bind co carboxylase in 
such a manner that even after 5 minutes in a boiling water bath, 
the added cocarboxylase was not available to the brewers’ yeast 
enz3mie. Since thiamine was present in a large excess, it might 
prevent this binding by being itself adsorbed. The increased 
recovery with incubation suggested that changes in the bakers’ 
yeast atiozymase upon incubation might be the mechanism for 
the release of the bound cocarboxylase. 

In an effort to test this hypothesis, further experiments were 
devised. 1 7 of cocarboxydase was added to imboiled bakers’ 
yeast atiozymase and to the same atiozymase which had been 
boiled for 7 and for 15 minutes. After incubation for 5 min utes^ 
pyruvic acid and alkaline washed brewers’ yeast were added and 
the rate of CO2 production was measured. Similar experiments 
with cocarboxylase and thiamine added together were also per- 
formed. The results are shown in Table III. It can be seen 
that the ability of the bakers’ yeast atiozymase to bind cocar- 
boxylase in such a manner that the coenzyme is imavailable to 
the brewers’ yeast enzyme is largely destroyed by 15 minutes in a 
boiling water bath. In the presence of thiamine, however, the 
cocarboxylase is available to the brewers’ y'east enzyme, even when 
it has been added to the unboiled bakers’ y^’east enzyme. 

Another experiment of interest in this connection is shown in 
Table IV. If cocarboxylase is added first to the brewers’ yeast 
enzyme, and then unboiled bakers’ yeast atiozymase is added, 
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there is no inhibition of decarboxylation. On the other hand, if 
the cocarboxylase is added first to the bakers’ yeast, and then the 
brewers’ yeast is added, there is considerable inhibition, which, 
as in the previous experiment, is released by the addition of thi- 
amine in addition to cocarboxylase. This experiment also shows 

Table 111 

Effect of Boiling iipon Binding of Cocarboxylase by Bakers’ Yeast Atiozymase 
1 7 of cocarboxylase was added to 100 mg. of bakers’ yeast atiozymase 
unboiled, boiled 7. minutes, and boiled 15 minutes, in the presence of Mg 
and Mn. After 5 minutes incubation brewers’ yeast atiozymase and 
pyruvic acid were added. The control flask contained only brewers’ 
yeast atiozymase and cocarboxylase. 



COi 

Control 

e.mm, per hr. 

464 

137 

440 

372 

470 

414 

456 

Unboiled bakers’ yeast atiozymase + cocarboxylase 

Same 4 - 50 7 thiamine 

Bakers’ yeast atiozymase boiled 7 minutes + cocarboxylase. . . 
Same + 50 7 thiamine 

Bakers’ yeast atiozymase boiled 15 minutes + cocarboxylase . . 
Same * 1 - 50 7 thiamine 



Table IV 

Binding of Cocarboxylase by Bakers’ and Brewers’ Yeast Atiozymase 
1 7 of cocarboxylase was added to 100 mg. of alkali-washed brewers’ 
and bakers’ yeast respectively. After 5 minutes the other yeast and 
pyruvic acid were added and CO2 production was measured. 


Original yeast 

Yeast added at 6 min, | 

CO 2 

Brewers’ 


e.mm, per hr 

298 

it 1 

Bakers’ 

268 

Bakers’ ! 

Brewers’ 

118 

“ + 50 7 thiamine 

it 

288 


that the phosphatase of bakers’ yeast, if present, has no effect 
upon cocarboxylase which has been adsorbed on brewers’ yeast 
atiozymase. The results are best explained by considering that 
cocarboxylase which has been adsorbed on the brewers’ yeast 
enzyme is retained with sufficient tenacity to prevent its being 
affected by the addition of bakers’ yeast. 
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DISCUSSION 

Our results have demonstrated that the activation of cocar- 
boxylase by thiamine, first noted by Ochoa and Peters (6), is 
dependent upon the type of yeast employed. Brewers’ yeast 
shows little activation, w'hile bakers’ yeast exhibits a strong 
activation effect. The failure to achieve activation with brewers’ 
yeast is not due to thiamine already present in the alkaline washed 
yeast, for bacterial analysis of the atiozymase shows insignificant 
amounts of thiamine to be present. Brewers’ yeast can be made 
to show some activation by processes which decrease the total 
activity of the enzjnne system. Such procedures include the 
omission of manganese, or aging the yeast at 37°. 

With bakers’ yeast it has been shown that the activation phe- 
nomenon is not due to synthesis of the added thiamine to cocar- 
boxjdase, for activation occurs in the absence of inorganic phos- 
phate, in the presence of inhibitors of cocarboxylase synthesis, 
and, as shown by Ochoa and Peters, in the presence of fragments of 
the thiamine molecule. Nor can the explanation proposed by 
Westenbrink and van Dorp (10), that the thiamine effect is due 
to the inhibition by the vitamin of a phosphatase capable of 
splitting cocarbo^O^lase, be considered tenable, for our experiments 
demonstrate that under our conditions cocarboxylase is not de- 
stroyed by bakers’ yeast atio23anase. Our experiments suggest 
that there is a heat-labile substance present in bakers’ yeast which 
adsorbs cocarboxylase without the production of an active en- 
zyme. The activating effect of thiamine upon cocarboxylase 
appears to be due to the fact that the large excess of thiamine 
needed for maximum activation can saturate this material and so 
penmt the adsorption of the cocarboxylase upon the active apoen- 
zyme. This hypothesis is in accord with all observations upon the 
nature of this activation performed in this and other laboratories. 
Thus, it is in accord with the observation of Lipmann (9), Westen- 
brink and van Dorp (10), and ourselves (unpublished work) that the 
excess thiamine activates cocarboxylase only when it is added to 
the bakers’ yeast enzyme before or simultaneously with the cocar- 
boxylase. If cocarboxylase is added first, and thiamine added a 
few minutes later, activation does not occur. 

The nature of this material is not yet known. However, the 
heat lability of the material suggests that it is protein. The fact 
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that bakers' yeast is grown under highly aerobic conditions, 
coupled with the observation of Greenberg and Rinehart (14) 
that reducing agents also activate bakers’ yeast atiozymase, sug- 
gests that the substance which adsorbs the cocarboxylase might 
be an oxidized and therefore inactive form of the enzyme. 

Our data are difficult to reconcile with those of Westenbrink 
and van Dorp. Experience wth the variability exhibited by dif- 
ferent types of yeast makes it possible that the activation phe- 
nomenon in the presence of English bakers’ yeast is properly in- 
terpreted as being due to thiamine inhibition of cocarboxylase 
hydrolysis. However, the yeast employed by Westenbrink and 
van Dorp appears to be identical vdth our bakers’ yeast in all other 
respects. A more likely explanation therefore, may be that Wes- 
tenbrink and van Dorp have employed 5 times as much cocar- 
boxylase in their experiments as we have in our work. We have 
chosen the low level of cocarboxylase employed in these experi- 
ments so that all of the added cocarboxylase might be adsorbed 
upon the enzyme surface. Experiments upon the synthesis of 
cocarboxylase by bakers’ yeast enzymes have shown that less 
than 6 7 of cocarboxylase can be synthesized by 100 mg. of alkaline 
washed bakers’ yeast. Since the degi’ee of synthesis is limited by 
the amount of specific apoenzyme which binds the cocarbox 5 ’lase 
(3, 15), it seems lilcely that Westenbrink and van Dorp have em- 
ployed an excess of cocarboxylase. In view of the small degree 
of dissociation between the coenzyme and apoenzyme at pH 6.2, 
it seems possible that bakers’ yeast phosphatase may hydrolyze 
free cocarboxylase but not that which is bound to the apoenzyme. 
The data of Westenbrink and van Dorp give no indication of the 
amount of cocarboxylase which has been hydrolyzed in their ex- 
periments. It may also be noted that their phosphatase is re- 
markably active in the absence of metallic activators like mag- 
nesium or manganese, since alkaline washed yeast contains little 
of these metals (1). 


SUMMARY 

1. The activation of coearboxylase by thiamine has been shown 
to depend upon the kind of yeast employed in the test. Bakers’ 
yeast shows this phenomenon strongly; brewers’ yeast exhibits 
it only to a very minor degree. 
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2. The mechanism of thiamine activation of cocarboxylase has 
been investigated. It is suggested that there is a heat-labile 
material present in bakers’ yeast which can adsorb cocarboxylase 
without the production of an active enz>"me. The addition of 
excess thiamine saturates this material and thus permits the ad- 
sorption of the cocarboxylase upon the active apoenzjTne. 
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From available data concerning the scope of Heyrovsky^s polaro- 
graphic method of analysis^ it would appear that in the field of the 
sex hormones any application of the method in its present form 
prohabl}’' would be limited to the study of those ketonic steroids 
hanng an ethylenic double bond in conjugation with the carbonyl 
group. To produce a characteristic cathodic wave, an organic 
compound must possess one or more functional groups rendering 
it capable of undergoing electroreduction at the dropping mercury 
electrode at a potential wthin the range limited by the discharge 
potential of the most readily reduced ion of the electrolyte mixture 
employed to carry the diffusion current and to provide buffer 
action. The only hormones offering any possibility for polaro- 
graphic reduction are those which are ketonic, and studies of 
simple ketones by Winkel and Proske (4) and by Adkins and 
Cox (5) have shown that reduction of the carbonyl group occurs 
in the measurable range of potential only if this group is activated 
by an adjacent double bond, as in the a,|5-unsaturated ketones 


^th the system 


\ 

/ 


c=c— c=o. 


This structural characteristic 


is found in testosterone, desoxycorticosterone, and progesterone, 
and in view of the importance of these hormones and the interest 
ui their determination the application of the polarograph to the 
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^ For references, and for discussions of the principles of the polarographic 
method and its applications in organic chemistry, see the review papers 
hy Kolthoff and Lingane (1), Muller (2), and Winkel and Proske (3). 
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hormone field would seem worth while even if limited to this 
type of substance. 

Before installation of the apparatus required for the present work, 
preliminary trials kindly carried out by Professor H. Adkins and 
Dr. R. H. Baker had definitely established that the A^-unsaturated 
3-ketosteroids are indeed determinable with the use of the dropping 
mercury electrode. Since then a paper by Eisenbrand and 
Picher (6) has appeared presenting full data on this point and 
showing that the saturated ketonic hormones are indifferent and 
do not interfere with the determination of the a,/3-unsaturated 
ketones. While some additional observations on the behavior of 
these compounds will be recorded below, the principal outcome of 
this investigation is the development of a method for the polaro- 
graphic characterization of saturated as well as unsaturated 
ketones of the hormone series. It occurred to us that such sub- 
stances might be brought within the measurable range in one of 

two ways. Either the ^C=N — linkage resulting from a con- 
densation with a suitable amine derivative might prove more 
readily reducible than the original ^C=0 group, or a reagent 

might be found, capable of fixation to either the carbonyl or the 
alcoholic group of the hormone, having a second functional group 
to lend adequate reducibility to the derivative as a whole. The 
initial trial prompted by the first consideration proved so promising 
that work along the second line has been deferred for the present. 

The nitrogen derivative found satisfactory is obtained by con- 
densation of the ketone with Girard’s reagent (7), more specifically 
Reagent T (trimethylacethydrazide ammonium chloride). Thus 
androsterone reacts very rapidly Avith the reagent to give a deriva- 
tive having an ionic ammonium salt group which renders the 
substance soluble in Avater. The reagent has been used exten- 
sively for the separation of ketonic from non-ketonic steroids in 
the course of the isolation of hormones from urinary extracts (7) 
and from preparative reaction mixtures (8), and also in a refine- 
ment and extension of the colorimetric assay of urinary andro- 
gens (9). While androsterone itself is completely indifferent to 
the polarographic diffusion current in the range studied, the Girard' 
derivative, when investigated in an aqueous buffer solution under 
suitable conditions, gives a well defined polarographic curve or 
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wave. Fortunately the Girard reagent itself discharges at such a 
distinctly higher level (more negative potential) that the presence 
of uncombined reagent docs not inferfere with the polarographic 
characterization of the condensation product. Thus an extract 
of unknowTi hormone content can be prepared for polarographic 
analysis very easily and rapidly by short heating wdth an excess 
of Girard^s reagent in acetic acid, and subsequent addition of 
ammonium chloride and of enough sodium hydroxide to give a 
sodium acetate-acetic acid buffer of the required pH. 

The method of polarographing the Girard derivative has been 
found applicable to a number of ketonic steroids, and interesting 
indications of specificity of analysis have been encountered in the 
course of exploring the possibilities for the utilization of the 
method in determining hormones in urinary or tissue extracts. 
In this paper the applicability of the method is illustrated by its 
use in the determination of urinary androgens. 


Apparatus 

The electrical equipment consisted of a Leeds and Northrup 
Electro-Chemograph, including a polarizing unit, an electronic 
amplifier, and a recording potentiometer (Micromax), which draws 
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a line in ink constituting a permanent record of the polarogram. 
For convenience in operating and reading the dials of the polarizer, 
this was mounted on its side in a slightly tilted wooden casing 
which also served to support an auxiliary plug type resistance box 
housing the external shunts furnished with the apparatus. The 
motors driving the recorder chart and the slide wire mechanism 
of the polarizer were synchronized to a chart speed of 36 inches 
per hour. In our experiments the following different shunts were 
used to vary the galvanometer deflection and provide different 
sensitivities: A, 10 scale divisions (2.54 cm.) = 4 microamperes; 

^ B, 10 scale divisions = 2 microamperes; C, 10 scale divisions = 
1 microampere; D, 10 scale divisions = 0.5 microampere. 

The ordinates of the recorder curves or polarograms represent 
the applied potential, each division being equivalent to 0.1 volt. 
The abscissas, with 100 divisions for the scale deflection of 10 
inches, indicate the diffusion current, to be read in terms of a 
given number of microamperes per division according to the shunt 
used. The resistance box mounted as described above provided 
a convenient arrangement for the necessary frequent interchange 
of shunts. 

The assembly of the dropping mercuiy electrode and cell 
adopted for the present work after trial of a number of other types 
is shown in Fig. 1. A leveling bulb, constituting a mercury 
reservoir and provided with a platinum wire supported through 
the opening for establishing electrical contact through a clip con- 
nector and a copper cable, was connected by means of a sulfur-free 
gum rubber tubing to a burette form tube calibrated in mm. and 
serving for the reading of the mercury level. Connection to the 
reservoir was made through a side tube sealed on above the stop- 
cock. The. stop-cock was of the grease-free type (Nolub, 1 mm. 
bore. Scientific Glass Apparatus Company) and its plug was 
secured against the mercury pressure by means of a pair of inter- 
locking brass plates held by rubber bands. With a stop-cock at 
this point the mercury can be held in reserve until a measurement 
is to be made. When the burette is first filled, the stop-cock is 
loosened enough to allow a film of mercury to spread over the 
ground surfaces and act as a lubricant. In operation, mercury is 
allowed to flow at a rate of seconds per drop. The capillary 
tip for the delivery of drops of mercury to the cell was attached 
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to the burette tube b}' means of a standard taper 10/18 ground 
joint held in place by rubber bands attached to a hooked vnre 
loop around the lower joint and extending over the stop-cock. 






< 




Fig. 1. Dropping mercurj' electrode and cell assembly 

Details of the construction of the cell are given in Fig. 2. The 
cell was made from a weighing bottle with a ground glass cap of 
standard commercial specifications designated as ‘‘height 50 mm., 
inside diameter 15 mm., standard taper 19/10” (Scientific Glass 
Apparatus Company; see the actual dimensions given in Fig. 2). 
The ground glass cap was fitted vdth one opening for the loose 
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insertion of the tip of the dropping mercury electrode and with 
another, consisting in a standard taper joint, to accommodate a 
tube extending to the bottom of the cell and constituting a nitro- 
gen inlet tube as well as providing for electrical connection to the 
mercury anode. The platinum wire to make contact with the 
pool of mercury in the cell was electrically spot-welded to a tung- 
sten rod carrying a welded-on copper cable^ to which electrical 
connection was made with a spring clip. Several caps and elec- 



trode assemblies were constructed and used interchangeably with 
the commercially available weighing bottles. The tube carrying 
the anode wre was provided with two inlets for nitrogen, one for 
deaerating the solution prior to a measurement and the other for 
passing nitrogen over the solution during a measurement or during 

- A suitable tungsten-copper union may be obtained from the Callite 
Products Company, Union City, New York, under the specification 0.030 
inch (0.76 mm.) Kulgrid C stranded tungsten weld. 
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any period subsequent to deaeration when protection from air was 
desired without undue evaporation. The nitrogen could be 
directed to either inlet by manipulation of a 3*way stop-cock. 
The gas taken from a high pressure cylinder of prepurified nitrogen 
was led through two wash bottles containing Fieser's solution (10), 
one charged with lead acetate solution, and one of water. A slight 
pressure was maintained in the train and the flow of purified 
nitrogen to the cell was regulated by means of a small needle valve. 

Reagents and Hormone Samples — 

Mercury, c.p. reagent quality mercury was used without 
further purification. 

Water. Distilled water w^as redistilled in an all-glass apparatus. 

Isopropanol. Eastman Kodak Company material was care- 
fully distilled through a 1 meter column and the fraction boiling 
at 82.3^82,5® selected. 

Acetic acid. This was purified by redistUIation from potassium 
permanganate. 

Tetraethylammonium hydroxide. The reagent was prepared 
from tetraethylammonium bromide and silver oxide by the pro- 
cedure of Peracchio and Meloche (11). 

Girard’s reagent (T) was prepared by the method of Girard 
(7, 12) and purified by two reciystallizations from absolute alcohol. 
Material which has been stored for several months should be 
recrystallized before use. 

The melting points and sources of the hormone samples used 
are indicated in Table I. We are greatly indebted to Dr. 0. 
Wintersteiner for the samples of rare cortical steroids, to Dr. Erwin 
Schwenk of the Schering Corporation for a generous supply of 
pregnenolone, and to Dr. Talbot and Dr. Friedgood for the use of 
samples obtained for colorimetric studies. 

Desoxycorticosterone, m.p. 139-141®, corrected, was obtained 
by hydrolysis of the acetate according to Reichstein and von 
Euw (13). Standard methods were employed for the preparation 
of cholestanone (14), m.p. 128-129°, corrected, cholestenone (15), 
m.p. 78.5-80.5®, corrected, and coprostanone (16, 17), m.p. 60.5- 
61.5°, corrected, except that in the last case palladium-barium 
sulfate was employed as the hydrogenation catalyst. A sample of 
pure A*-cholestenone hydrate, m.p. 107-108®, corrected, was kindly 
supplied by Dr, R. P. Jacobsen (18). 
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Girard Derivative of Cholestanone (Cholestanone Betaine Hydra- 
zone Chloride) — suspension of 0.2 gm, of cholestanone and 
0.087 gm. of Girard’s reagent (T) in 0.5 cc. of glacial acetic acid 
was warmed for 10 minutes on the steam bath and the resulting 
solution was evaporated to dryness under reduced pressure at 
100°. The solid residue on three crystallizations from methanol- 


Table I 

Source and Properties of Hormone Preparations 


Compound 

1 

M.p., corrected 

Source 

Androsterone 

“C. 

183-184 

Ciba 

Pharmaceutical 



Products, Inc.* 

Isoandrosterone 

172-173 

a 

“ t 

Testosterone 

163-164 


“ t 

Dehydroisoandrosterone 

149-151 

Sobering Corporationf 

Desoxycorticosterone acetate 

159-160 

tt 

tt 9(C 

Progesterone 

126-127 

t( 

tt * 

Estrone 

257-258 

(( 

“t 

A®-Pregnenol-3-one-20 

184-186.5 

t( 

tt 

Corticosterone 

182 

Dr. 0. 

Wintersteiner 

17-Hydroxydehydrocorticoster- 




one (A^-pregnenediol-17,21- 




trione-3,11,20; Substance F). . , 

I 208 

tt tt 

tt 


* Supplied to Dr. N. B. Talbot, 
t Supplied to Dr. H. B. Friedgood. 


acetone afforded colorless microciystals of the monohydrate melt- 
ing at 233-234°, corrected, with decomposition. 

Analysis — CsiHssONjCMIoO. Calculated. C 68.91, H 10.83 

Found. “ 68.38, “ 10.83 

Dehydroisoandrosterone p-Nitrophenylhydrazone Acetate — A mix- 
ture of 0.1 gm. of dehydroisoandrosterone acetate, 0.5 gm. of 
p-nitrophenylhydrazine, and 0.5 cc. of glacial acetic acid was 
warmed at 100° for 5 minutes and the resulting stiff paste was 
stirred with 5 cc. of alcohol and the light yellow, crystalline product 
collected and washed with alcohol. On crystallization from a 
rather large volume of isopropanol the substance formed fine yellow 
needles, melting with decomposition at 291-292°, corrected. 

Analysis— Calculated. C 69.65, H 7.68 

Found. “ 69.55, “ 7.67 
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Investigation of 17-Kelosleroids 

The procedure detailed below for the preparation and polaro- 
graphic analysis of a solution of the Girard derivative of a ketone 
was developed after numerous trials of a largely empirical nature 
and on the basis of certain observ^ations and considerations which 
\rill be brought out in the subsequent discussion. This procedure 
was worked out with particular reference to the determination of 
urinary androgens and companion ketones. 

Standard Procedure — A suitable volume of a known solution of 
a pure hormone (usually 1 mg.) in isopropanol, ^ or a volume of 
alcoholic extract containing the non-phenolic hormone fraction 
equivalent to 50 cc. of urine, is placed in a 12 X 75 mm. P^Tex 
test-tube and evaporated to diymess under diminished pressure 
(water pump vacuum). The process can be conducted without 
bumping of the liquid by first allowing the solution to become 
chilled b}^ evaporation at room temperature and then warming the 
tube gently in a water bath while the liquid is rocked to and fro. 
The usuall}" oily residue is treated udth 0.05 cc. of a fresh solution 
of 100 mg. of Girard’s reagent in 1 cc. of glacial acetic acid,'^ 
measured vdth a 0.10 cc. pipette, and the test-tube is rotated to 
insure mixing. The tube is then closed with a cork stopper, im- 
mersed in a water or steam bath at 100®, and heated for 2 minutes. 
The sample is then cooled, diluted vith 0.95 cc. of purified water, 
and thoroughly mixed. A 0.25 cc. portion® of the solution is 
measured promptly with a 1 cc. pipette into the cell, followed by 
0.50 cc. of 0.50 K ammonium chloride solution and 0.625 cc. of 
0.20 N sodium hydroxide solution. The solution is made up to 

’ In the case of the rarer specimens a 1 to 2 mg. sample was weighed 
accurately to 1 to 5 y on a microbalance and treated with sufficient meas- 
ured solvent to give a solution of 2 mg. per cc. By employing isopropanol 
as solvent, the same solutions could be used for polarographic analysis in 
the absence of Girard^s reagent. 

* It is recommended that the solution be made up daily, or as needed. 
Satisfactory determinations have been made with 2 day-old solutions, 
but deterioration was evident after longer periods of storage. 

® The remaining 0.75 cc. of aqueous solution of the Girard derivative is 
kept in reserve for a time in case further determinations become desirable. 
These should be made within an hour after the dilution with water, for the 
solution may deteriorate and become cloudy if kept for longer periods. 
The mixture is more stable before it has been diluted, and samples may be 
brought to this stage and safely kept for as long as 6 hours before dilution 
and subsequent analysis. 



662 Polarographic Study of Ketosteroids 


a volume of 2.50 cc. by the addition of 1.125 cc. of water and 
is then ready for polarographic analysis. 

Sufficient mercury is added to cover the bottom of the cell and 
make contact with the platinum wire. With the electrical connec- 
tions completed, a polarizing potential of —1.0 volt is applied, 
with the galvanometer Sensitivity D, and a stream of nitrogen is 
bubbled through the solution. The galvanometer at first shows 
a considerable displacement to the right of the initial zero point, 
owing to the oxygen present, but the pointer soon recedes as this 
is removed (about 5 minutes). As soon as the galvanometer 
reading has become constant, the nitrogen stream is by-passed 
over the liquid and the solution is polarized at a potential increas- 
ing from —1.0 to — 1.8 volts and at whatever sensitivity is judged 
to be the most promising for initial trial. It may be necessary 
to investigate all four sensitivities in order to select the one giving 
the best defined and most accurately measurable wave, preferably 
covering a span of from 10 to 40 mm. With some practice a 
satisfactory result usually can be obtained by making polarograms 
at no more than two different sensitivities. Occasionally it is 
found necessary to add a drop or two of 0.05 per cent aqueous glue 
solution to overcome a current surge at the terminal discharge. 

The quantity of Girard’s reagent specified calls for further com- 
ment. The amount used (5 mg.) in preparing the derivative is 
.about 6 times that theoretically required to condense with the 
maximum quantity of hormone which the procedure is designed 
to accommodate (e.gr. 1 mg. of androsterone), but experimentation 
has shown that this large excess is essential. In trials conducted 
with 5 mg. of reagent and varying amounts of hormone, it was 
found that a linear or approximately linear relationship existed 
between the polarographic wave span and the weight of hormone 
as this was increased from the lower limit to 1.2 mg., but that 
beyond this point added amounts produced no further effect. To 
provide some margin of safety, we therefore selected 5 mg. of 
reagent as a suitable amount to employ with a maximum of 1 mg. 
of hormone. If, in the analysis of an unknown sample, the amount 
indicated to be present exceeds the 1 mg. limit, the sample solution 
should be diluted and a fresh determination made. 

The Girard Reagent P (pyridine) was tried but found inap- 
plicable. The reagent itself discharges at a potential too low to 
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permit characterization of the ketonic condensation product. The 
p-nitrophenylhydrazone of dehydroisoandrosterone was found to 
give a well defined polarographic wave, but conditions for the 
practical application of this type of derivative to hormone analysis 
have not been investigated. The determination was made with 
0.5 mg. of substance in 2.50 cc. of isopropanol containing 10 mg, 
of lithium chloride. The half wave potential was —0.92 volt 
and the wave span (see below) at Sensitivity D was 90 mm. 



MICROAMPERES 

Fig. 3. Dehydroisoandrosterone-Girard derivative; effect of varying the 
acidity. Each of the four solutions contained a 0.25 cc. aliquot of the 
solution of derivative prepared from 0.42 mg. of hormone, 0.5 cc. of 0.5 n 
NH 4 CI, and the following volumes of additional reagents: Curve 1 (stand- 
ard procedure), 1.125 cc. of HsO, 0.625 cc. of 0.2 n NaOH; Curve 2, 1.75 cc. 
of HjO; Curve 3, 1.50 cc. of HjO, 0.25 cc. of 0.1 n HCl; Curve 4, 1.25 cc. 
of H 20 , 0.50 cc. of 0.1 N HCl. 

A typical polarogram obtained by the standard procedure is 
shown in Curve 1 of Fig. 3, which is a reproduction of the actual 
chart drawn by the recording potentiometer. When the applied 
voltage is automatically increased, the diffusion current remains 
but little altered (nearly vertical line) until a potential is reached 
at which a discharge due to the Girard derivative begins to occur. 
After the completion of this discharge and formation of the char- 
acteristic wave, the curve again rises sharply at a near vertical 
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slope until a level is reached at which discharge of ionic electrolytes, 
including the excess Girard’s reagent, occurs. Curve 1 presents a 
well defined wave and it is to be contrasted with Curves 2, 3, and 4, 
which illustrate the disadvantageous effect of progressively in- 
creasing the acidity of the solution. Solutions more alkaline than 
that of the standard procedure were tried with unpromising results, 
for although the polarograms were satisfactory mth respect to 
form of curve there was a distinct lack of proportionality between 
the weight of hormone and the polarographic effect observed. 

Analysis of Polarograms — Several different methods of measur- 
ing polarograms of organic compounds have been defined and 
discussed by Borcherdt, Meloche, and Adkins (19), but none of 
these methods seems applicable to the case at hand because of a 
significant difference in the character of the wave, a difference 
which is particularly apparent in analysis of urine extracts. The 
distinguishing characteristic is apparent even in polarograms 
obtained Avith pure hormones, as in Curve 1, Fig. 3. It will be 
observed that the two parts of the curve which are most nearly 
vertical are definitely non-parallel, and with urine extracts the 
divergence often is much more pronounced. This feature intro- 
duces a complication in the selection of the current range over 
which the discharge is attributable to the substance under investi- 
gation. In polarograms obtained with some instruments the 
current is plotted along the ordinate of the chart, and in this case 
the range covered is appropriately called the wave height (19). 
With the Leeds and Northrup instrument, where the alternate 
scheme of charting is used, the equivalent term wave-length seems 
ill advised because of its use in spectroscopy and we prefer the 
designation wave span, which is applicable to both systems. After 
carefully considering the problem of measuring the present wave 
spans from a practical and purely empirical point of view, we have 
adopted a method which can be illustrated with reference to Fig. 4. 
A line is drawn extending the initial straight and nearly vertical 
portion of the curve, and an estimate is made of the inflection 
point of the near vertical part of the curve representing the 
temunation of the wave proper. This usually is at the mid-point of 
a straight line section and can be further defined as the point at 
which the oscillation tracings are at a minimum. A line drawn 
from this point perpendicular to the above extension line is taken 
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as a measure of the wave span. It will be seen from the typical 
example of Fig. 4 that the wave spans A, B, and C found by this 
method for a given solution polarographed at three different 
sensitivities bear a relationship to one another which corresponds 
closeb’' to the ratio of the sensitivities; namely, 1:2:4. 
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Fig. 4. Urine extract (PBBH-7S-C, 0.2 cc.) with added androsterone 
(0.5 mg.) polarographed at three sensirndties. Sensitivities and corre- 
sponding wave spans: Sensitivity A, 13.2 mm.; Sensitivity B, 27.4 = 2 X 
13.7 mm.; Sensitivity C, 54.7 = 4 X 13.7 mm. 
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Fig. 5. Crude urine Extract CH-125-C. Sensitivity C, wave span 
8.6 mm., indicating 0.105 mg. of hormone in the original sample; Sensi- 
tivity D, 17.2 mm., 0.11 mg. of hormone. 

The polarographic waves obtained with urine extracts usually 
are less sharply defined than those given by pure hormones or by 
extracts containing added hormone, but the above method of 
analysis nevertheless appears applicable. A particularly tmfavor- 
able case is illustrated in Fig. 5, which refers to a highly pigmented 
neutral urine extract containing a considerable amount of non- 
ketonic material. Although neither curve provides a very precise 
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basis for estimation, a reading can be made even in the less 
propitious case (Sensitivity D) and the results of the two observa- 
tions are in good agreement. Fig. 6 shows the results obtained 
with a portion of the same extract after it had been put through 
the Girard separation to remove the non-ketonic material (9), 
and if this is compared with Fig. 5 it is seen that the purification 
results in a marked improvement in definition of the curves, the 
wave span being easily measured at both sensitivities. It is also 
noteworthy that the amount of ketonic hormone found is sub- 
stantially the same as in the determinations made in the presence 
of the interfering non-ketonic materials. In general, it appears 
possible to conduct satisfactory polarographic analyses of crude 
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Fig. 6. Same urine extract after removal of non-ketones (Extract 
CH-125-K). Sensitivity C, wave span 8.1 mm., equivalent to 0.10 mg. 
of hormone j Sensitivity D, 16.0 mm., 0.10 mg. of hormone. 

urine extracts which have not been processed by removal of the 
non-ketonic fraction, provided that the sample has been clarified 
by extraction with alkaline hydrosulfite solution (20). 

Calibration Curves — In testing the method of polarographing the 
Girard derivatives for its applicability to problems of analysis, 
we first investigated the weight-wave span relationship for three 
pure hormones over a 10-fold range of sample weight. Alcoholic 
solutions of androsterone, isoandrosterone, and dehydroisoandro- 
sterone were prepared containing 2.00 mg. per cc., and suitable 
portions were pipetted and polarographed by the standard Girard 
procedure at four sensitivities, with the results shown graphically 
in Fig. 7 , While the relationship appears to be linear, or nearly so, 
in the lower concentrations, the cuiwes diverge considerably from 
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the initial straight line slope as the amount of hormone is increased. 
The eSect evudentl}’' is associated in some way with the decreasing 
ratio of hormone to excess Girard^s reagent, and as noted above 
the correlation of wave span to amount of hormone breaks down 
entirely on increasing the weight of the latter to 1,2 mg. The 
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Fig. 7. Relation of polarographic wave span to weight of pure crystalline 
hormone (total weight of material taken for condensation with 5 mg. of 
Girard's reagent; 4 times that actually polarographed). Sensitivities, 
A, B, C, D, as indicated; O androsterone; Q isoandrosterone; iD dehydro- 
isoandrosterone. 


curves given in the figure can be used as calibration graphs with 
reasonable assurance as to accuracy if the readings are limited 
to the lower ranges of concentration. Perhaps the most signifi- 
cant feature of the results as a whole is the demonstration that 
three pure steroids of the saturated 17-keto type and of essentially 
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the same molecular weight give exactly the same polarographic 
response. 

The next step was to investigate the behavior of hormones in 
the presence of the companion substances found in urinary ex- 
tracts. For this purpose small amounts of non-phenolic urine 
extracts were added to kno^vn samples of pure hormones and 
polarograms were made by the standard procedure. The keto- 
steroid content of the extract added was determined with the use 
of the calibration curves of Fig. 7, at such a dilution as to utilize 
only the lower extremities of the curves. Any error associated 
with that part of the total hormone derived from the extract was 
further minimized by keeping the amount added at a low level 
ie.g. 0.1 mg.). The results are recorded in Fig. 8, and it will be 
seen that the wave span is directly proportional to the amount of 
hormone and that the linear relationship is maintained accurately 
over the entire range of 0.1 to 1 .0 mg. The situation is much more 
favorable than is encountered with pure hormones alone, evidently 
because of a stabilizing or other beneficial influence exerted by 
constituents of the urine extracts. This influence is manifested 
with no more than a trace of added extract; for example, with 
only 10 y of evaporated urine extract per mg. of ciystalline hor- 
mone. The effect appears to be very general, for urine extracts 
of a wide variety of types were used in constructing the curves and 
the effect was observed not only with total crude neutral fractions 
but with ketonic and non-ketonic fractions, separated with the 
use of the Girard reagent. Since non-ketonic material is probably 
carried in small amounts into the ketonic fraction, a trace of a non- 
ketone may be responsible for the “stabilization.” 

In Fig. 8 the ten points on the curve for the highest sensitivity 
(D) were all determined in special calibration runs conducted as 
described, with a very minute amount of urinary hormone present. 
Similar determinations in like number were used to define the 
other three curves, but here the chart includes as well the results 
of a number of subsequent determinations made by establishing 
the hormone content of a given urine extract by reference to the 
calibration, adding, a known amount of pure hormone, and making 
a determination of the total hormone content. The points ob- 
tained in this way conform to the curves nearly as well as the 
actual calibration points and have been included on Fig. 8 to give 



Milligrams of Hormone, 


Wolfe, Hersliberg, and Fieser 


669 



0 10 20 30 40 50 60 70 


Wave Span, mm. 

Fiq. 8, Calibration curves for the determination of androgens in mine 
extracts. The 17-ketosteroid content, calculated as androsterone, refers 
to the total amount in the sample processed by the standard procedure. 
O urine extract -b androsterone; Q mine extract 4- isoandrosterone; 
X) urine extract -h dehydroisoandrosterone. 
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an indication of the magnitude of the deviations to be expected 
in analytical practice. 

The calibration curves provide adequately for the accurate 
determination of the hormones over the rather wide range of from 
0.05 to 1.0 mg. of material in the total sample. It should be noted 
that only one-fourth of the sample is taken for an actual deter- 
mination and that the limit of accurate analysis by the present 
procedure is therefore about 12 7. The sensitivity could be ex- 
tended easily by employing a smaller electrolysis cell, but for 
most purposes when minute amounts are to be detected it would 
be necessary merely to evaporate a larger volume of urine extract. 

Determination of 17 -Ketones in Androgen Fraction of Urine — Ks 
a test of the generality of application of the method, analyses were 
made of a number of neutral urine extracts obtained from the 
assay laboratories of three Boston hospitals, where they had been 
prepared by solvent extraction of urine, removal of the phenolic 
material, and such other processing as is currently conducted in 
the routine assays of the respective laboratories. We are greatly 
indebted to Dr. Fuller Albright for samples from the Massachu- 
setts General Hospital, to Dr. H. B. Friedgood for those from the 
Peter Bent Brigham Hospital, and to Dr. N. B. Talbot for those 
from the Children's Hospital. Data were kindly supplied giving 
the results of colorimetric assays obtained by the Zimmermann 
method (21) as modified by Callow, Callow, and Emmens (22), 
and as further elaborated in the three laboratories. The nature 
of procedures used is indicated in publications by Friedgood and 
Whidden (23) and by Talbot and associates (9, 24, 25). 

The results are recorded in Table II. A given volume of the 
alcoholic extract (second column) was evaporated to dryness, put 

hrough the standard procedure, and the amount of hormone 

resent in the indicated volume of extract was determined from 
polarograms taken at appropriate sensitivities and by reference to 
Fig.* 8. The inclusion of two sets of figures for a given sensitivity 
indicates that entirely independent duplicate determinations were 
made with separate portions of the original extract. The agree- 
ment between the duplicates is invariably good, as is the corre- 
spondence of the determinations made at different sensitivities. 
The weight of hormone found is occasionally given to three decimal 
places merely for the purpose of indicating the magnitude of the 
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de\nations and to illustrate the extent to which errors in measuring 
the wave span may influence the result in terms of mg. of hormone. 

The polarographic results show a general correspondence with 
the results of the Zimmermann assay. That the values reported 
from the Massachusetts General Hospital are lower than ours is 
to be discounted because of a large correction factor applied in 
obtaining these Zimmermann values. The other colorimetric 
assays all tend to run significantly higher than ours. Thus in the 
extensive series of results supplied by Dr. Talbot, most of which 
refer to determinations on the separated ketonic fraction, the 
indicated hormone content is irregularly higher (average, about 
60 y) than that found polarographically. 

The samples studied included urinary extracts from normal 
males and females, children, a female with an adrenal tumor, and 
patients vnth Addison’s disease and in various other pathological 
conditions. The procedures for the dilution of the evaporated 
urine extract varied considerably and there is no simple or regular 
relationship between the volume of extract taken for analysis and 
the amount of urine which it represents. As an indication of the 
e.\tent of variety in the samples, it may be said that they ranged 
from a ketonic hormone content of 1.7 mg. per liter (Extract 
CH-44-K) to 141 mg. per liter (Extract PBBH-105-C). Since no 
significant difiiculties were encountered, it would appear that the 
polarographic method is very generally applicable to the deter- 
mination of urinary androgens. It may be noted that the method 
is rapid and that a single worker can make as many as thirty deter- 
minations in a day. Proper processing of the extract, including 
a hydrosulfite wash (20), is desirable for best definition of the 
curve, and standardization of the amount and dilution of the 
extract makes for convenience of determination. On the basis 
of our experiences with the above samples and of certain obser\’a- 
tions by Dr. N. B. Talbot, we suggest that extracts for polaro- 
graphic analysis be prepared hy the following general extraction 
procedure. A 1 liter sample of urine bearing a known ratio to the 
daily output is extracted wdth solvent. The estrogen fraction is 
removed from a solution of the extract by four washings \dth 
2.5 N sodium hydroxide, and the neutral fraction is washed twice 
with 2.5 N sodium hydroxide containing 10 per cent of sodium 
hydrosulfite, each time with, vigorous shaking for 5 minutes. The 
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Table II 


Polarographic Analysis of Neutral Urine Extracts 


Urine extract* 

Volume 
taken 
for . 
analysis 

Sensi- 

tivity 

Wave span 

Hormone found 

Hormone 
found by 
Zimmer- 
mann 
assay 


cc* 


mm. 

mg. 

mgm 

MGH-1734-C 

2.0 

A 

8.2 

0.40 




B 

16.5 

0.39 

■■ 

MGH-1727-C 

0.5 

it 

18.2,17.1 

0.43,0.40 


MGH-1724-C 

0.6 

A 

8.6 

0.42 




B 

19.6,19.2 

0.45,0.45 




C 

37.4 

0.43 


MGH-1737.C 

0.5 

B 

10.6 

0.25 

0.28 

PBBH-78-C 

0.2 

(t 

4.5 

0.11 

0.12 



C 

8.8 

0.10 




D 

17.1 

0.11 


PBBH-780-C 

0.5 

B 

13.9,12.1 

0.32,0.29 

mSM 

PBBH-78b-C 

0.5 

t( 

12.8,12.5 

0.30,0.29 

PPl 

PBBH-105b-C 

0.1 

C 

16.6,16.0 

0.178,0.18j 


PBBH-lOSc-C 

0.05 

B 

3.7 

0.09o 

msM 



C 

7.4 

0.086 




D 

15.4 

0.096 


CH-128-K 

0.2 

C 

7. 9, 7. 8 

0.09,0.09 


CH-127-K 

0.2 

“ 

12.2,12.1 

0.14,0.14 


CH-128-C 

0.2 

B 

4.6 

0.11 




C ^ 

9.1 

0.106 


CH-126-C 

0.2 

ti 

9.4,9. 4 

0.11,0.11 

0.13 



D 

18.4,19.0 

0.116,0.12 


CH-126-K 

0.2 

C 

8.1 

0.09j 

0.12 



D 

15.9,15.1 

0.10,0.096 


CH-125-C 

0.2 

C 

9. 6,8.6 

0.11,0.106 

0.14 



D 

17.2 

0.11 


CH-125-K 

0.2 

C 

8.1 

0.10 

0.12 



D 

16.0,15.4 

0.10,0.098 ' 


CH-la-K 

0.2 

C 

8.7 

0.10 

0.14 

CH-lb-K 

0.4 

A 

7.8 

0.38 

0.62 



B 

15.4 

0.36 


CH-lc-K 

0.2 


2.5 

0 . 06 o 

0.09 



C 

4.9 

0.056 


CH-ld-K 

0.2 

B 

8.9 

0.21 

0.25 



C 

18.6 

0.216 


CH-le-K 

0.4 

B 

10.3 

0.24 

0.32 








Wolfe, Hershberg, and Fieser 


673 


Table II— Concluded 


Urine extract* 

Votamo 

taken 

for 

anab'sia 

Senfti- 

tivity 

Wave epon 

Hormono found 

Hormone 
found by 
Zimmer- 
xnnnn 
assay 


cc. 


fnm. 

Vlff. 


CH-lf-K 

0.4 

A 

15.5 

0.73 

0.76 



B 

31.4 

0.74 


CH-21.K 

1 0.4 

A 

7.3 

0.36 

0.35 



B 

14.5 

0.34 


CH-220-K 

1 0.5 

Cf 

12.9 

0.30 

0.40 

CH.22n-K 

0.5 

<f 

13.4,13.6 

0.31,0.32 

0.38 

CH-230-K 

0.5 

C 

36.6,33.9 

0.415,0.39 

0.44 

CH-23n-K 

0.5 

B 

18.9,17.9 

0.44,0.42 

0.44 

CH-24-K 

0.5 

<« 

22.0,23.1 

0.52,0.54 

0.54 



C 

45.1 

0.51 


CH-27-K 

0.5 

f( 

27.0,26.6 

0.31,0.305 

0.35 

CH-31-K 

0.5 

B 

15.0,15.1 

0.35,0.35 

0.34 

CH-32-K 

0.5 

A 

12.6 

0.60 

0.75 



B 

25.9,24.5 

0.61,0.58 




C 

51.0 

0.5S 


CH-33-K 

0.5 

B 

23.3,23.4 

0.55,0.55 

0.63 

CH-34-K 

0.5 

Cf 

9. 1,8.8 

0.21,0.205 

0.28 

CH-41-K 

0.4 

Cf 

4.7 

0.11 

mSm 

CH-42-K 

0.5 

Cf 

20.1,19.6 

0.47,0.46 


CH-43-K 

0.5 

f f 

17.5 

0.41 

■a 



c 

38.5 

0.43 


CH-44-K 

0.5 

Cf 

7.3 

O.OS5 

0.13 

CH-45-K 

0.5 

A 

11.5 

0.55 

0.59 



B 

22.8,23.3 

0.54,0.55 



* The source of the sample is indicated thus: MGH, Massachusetts 
General Hospital; PBBH, Peter Bent Brigham Hospital; CH, Children’s 
Hospital, The last letter indicates the type of extract, crude (C) or 
ketonic (K), 


solution is then washed once with water, evaporated to diyness, 
and the residue made up to a volume of 4 cc. with 95 per cent 
ethanol. When a 0.2 cc. sample of the solution is converted to 
the Girard derivative and a portion polarographed by the stand- 
ard procedure, determinations can be made covering the range of 
1 to 20 mg. of hormone per liter of urine. 

Estrone — Since estrone is a 17-ketosteroid, it is not surprising 
that the substance was foimd to give very much the same polaro- 
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graphic response as the androgens when condensed with the Girard 
reagent by the standard procedure. A discharge occurs at the 
same potential level, the form of the wave is similar, and the only 
noticeable difference is that the wave span is slightly less, whereas 
if the polarographic discharge followed the stoichiometric relation- 
ship the hormone of lower molecular weight would show the 
greater discharge. A few experiments were made with increasing 
amounts of estrone in the region of low concentration and the 
results, recorded graphically in Fig. 9, show that a direct propor- 



Fig. 9. Proportionality of wave span to weight of pure hormones at 
Sensitivities B, C, D. The solid lines represent estrone-Girard deriva- 
tive, mg. content of total sample processed (4 times that polarographed). 
The dash line represents testosterone in alkaline isopropanol, mg. of 
material polarographed. 

tionality exists between wave span and weight of pure hormone in 
the region covered. The determination of the hormone in urinaiy 
extracts would thus seem feasible. 

Comparison with S-Ketosteroids — Cholestanone and coprosta- 
none, saturated 3-ketones having the two possible configurations 
at the 5 position, were condensed with Girard's reagent in the usual 
way and examined polarographically. Neither derivative gave 
any indication of a characteristic wave and there was no break in 
the diffusion current curve before the electrolytes began to show 
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terminal discharge. This unexpected obser\"ation was substan- 
tiated by an examination of tlie pure Girard derivative of choles- 
tanone, which was isolated in a ci^’^stalline condition, for this 
showed the same behavior. The most obvious structural diflfer- 
ence between a 3- and a 17-ketostcroid is that the carbonyl group 
is located in a six-membcred ring in the former case and in a five- 
membered ring in the latter. For comparison, we therefore inves- 
tigated cyclohexanone and cyclopentanone by the same procedure, 
with the results showm in Fig. 10. Cyclohexanone (Curve 1) 
although not completely indifferent gave no very distinct sign of 
a polarographic wave, whereas cyclopentanone (Cun^e 3) gave a 
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Fig. 10. Girard derivatives of cj^'clic ketones (0.5 mg. of each, standard 
procedure). Curve 1, cyclohexanone; Curve 2, cfs-9-methyl-3-decalone; 
Curve 3, cyclopentanone; Curve 4, ci5-S-methyI-2-hydrindanone. 


wave of very extended span and of typical, if slightly irregular, 
form. As a further test case, comparison was made between 
S3mthetic model compounds kindly supplied by Professor R. P. 
Linstead; namely, m-9-meth3d-3-decalone, (I) (26), and m-8- 
methyI-2-hydrindanone, (II) (26, 27). The sLx-membered ring 
ketone (I) (Cun^'e 2) behaved very similarly to cyclohexanone. 


/\i 


CH, 




(I) 


CH, , 




(II) 
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while the five-membered ring compound (II) gave a wave corre- 
sponding to that of cyclopentanone. The difference in the re- 
sponse of the 3- and the 17-ketosteroids therefore is definitely 
attributable to the difference in the ring size. Considered with 
reference to the assay of steroids, the inert character of the 
3-ketones lends further specificity to the polarographic method of 
determining the 17-ketonic hormones. 

a,P-Unsaturated Ketones 

Direct Determination in Alkaline Isopropanol — After trial had 
been made of various solvents and electrolytes, the following 
scheme was adopted for the direct polarographic characterization 
of Q:,j3-unsaturated ketones of the sterol and hormone series. A 
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Fig. 11. Testosterone in alkaline isopropanol (fresh solutions, Sensi- 
tivity D). Curve 1, 0.1 mg. of hormone, wave span 11.2 mm.; Curve 2, 
0.2 mg., 23.3 mm.; Curve 3, 0.3 mg., 36.3 mm.; Curve 4, 0.4 mg., 46.4 mm. 

solution of the sample in 1 cc. of isopropanol was measured into 
the cell and treated with 0.5 cc. of aqueous 0.25 n tetraethyl- 
ammonium hydroxide and 1 cc. of water. The solution was de- 
aerated and polarized over the potential range from —1 to —2 
volts and the span of the wave was measured in mm. by the 
method described above. 

Typical results, obtained with increasing amounts of testos- 
terone, are shown in Fig. 11. The curves are sharply defined, and 
over the limited range of concentration investigated the relation- 
ship between wave span and weight is strictly linear, as shown by 
the plot of the four results included in Fig. 9 (dotted line). This 
chart permits a direct comparison with the results for a typical 
Girard derivative, when allowance is made for the 4-fold difference 
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in the weights of the material polarographed. On analysis at 
Sensitmty D, 0.2 mg. of testosterone gives a wave span of only 
23.5 mm., whereas 0.2 mg. of estrone in the form of the Girard 
derivative sho^^^ a span of 4 X 31.5 = 126 mm. 

A point of interest in Fig. 11 is that the half wave potential 
recedes to less negative levels as the concentration of hormone is 
increased. A potential drift in the opposite direction was observed 
when the stability of testosterone in the alkaline solution was 
tested (Fig. 12). Relatively little difference is observable between 
the wave span of a veiy fresh solution (Curve 1) and that of the 
same solution after standing under nitrogen for over 2 hours 
(Cur\"e 6). A parallel experiment with desoxycorticosterone ace- 
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Fig. 12. Testosterone (0.4 mg.) in alkaline isopropanol polarographed at 
Sensitivity D after varying periods of time. Curve 1, 2 minutes after 
mixing; Curve 2, 12 minutes; Curve 3, 32 minutes; Curve 4, 52 minutes; 
Curve 5, 72 minutes; Curve 6, 132 minutes. 


tate is recorded in Fig. 13. Here there was little if any change in 
either the half wave potential or the wave span imtil after about 1 
hour, when e\ddence of decomposition became apparent (Curve 6). 

All A^-3-ketosteroids investigated exhibited much the same 
polarographic behavior in the alcoholic isopropanol solution, as 
shown in Fig. 14 which gives the curv’^es obtained imder comparable 
conditions with equal weights of a number of the substances of 
this series. The blank determination (Curve 1) shows that no 
discharge of electrolytes occurs in the potential range concerned. 
Corticosterone (Chirve 2) gives a wave similar in form and potential 
to that of cholestenone (Curve 3), indicating that the additional 
carbonyl group at the 20 position in the side chain does not con- 
tribute to or influence the polarographic discharge. 17-Hydroxy- 
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dehydrocorticosterone (Curve 4) has two carbonyl groups in addi- 
tion to the a , jS-unsaturated carbonyl at position 3, but these at most 
exert a slight modifying influence, for the curve is in the same 
potential range and deviates from the characteristic form only in 
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Fig. 13. Desoxycorticosterone acetate (0.4 mg.) in alkaline isopropanol 
polarographed (Sensitivity D) after the time intervals detailed in Fig. 12. 
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MICROAMPERES 

Fig. 14. Comparison of various a,/S-unsaturated ketones (0.3 mg.) in 
alkaline isopropanol (Sensitivity D). Curve 1, blank; Curve 2, cortico- 
sterone; Curve 3, A*-cholestenone; Curve 4, 17-hydroxydehydrocortico- 
sterone; Curve 5 , desoxycorticosterone acetate; Curve 6, testosterone; 
Curve 7, progesterone. 

rather minor respects. Desoxycorticosterone (not shown) gives 
a tracing very similar to that of its acetate (Curve 5), and the 
curves for testosterone and progesterone (Curves 6 and 7) are 
of the same characteristic type. 
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It is of interest to compare the extent of the discharge due to 
equal weights of the compounds (0.3 mg.) with reference to their 
molecular weights, as in Table III. The wave span tends to 
decrease \nth increasing molecular weight and with the first four 
compounds the relationship seems to be linear. The 17-hydroxy 
compound, however, is completely out of line vnih. the other 
hormones and in the direction opposite to that which would signify 
a participation of the 11- and 20-carbonyl groups. Cholestenone 
likewise departs significantly from proportionality. 



COCH2OH 



^-I^dro xyd eh3*d r oc or t ic 0 3 1 e ron e 




Progesterone 


The half wave potentials read directly from the charts are of 
purely empirical significance, since they are imcorrected and have 
not been evaluated in terms of a reference electrode. Further- 
more, the potentials found above in an aqueous acetate buffer 
cannot be compared with those obtained in the alkaline isopro- 
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panol solution, for a reference basis is lacking. Nevertheless the 
uncorrected relative potentials observed in a given solvent under 
comparable conditions of concentration are of value in providing 
empirical indexes of structure. The above compounds are all 
A^-3-ketones and give potentials ranging from — 1.53 to — 1.63 volts. 
We were fortunate in being able to investigate an o:,/3-unsatu- 


Tablb III 

Relation to Molecular Weights {Alkaline Analysis) 


Compound 

Mol.wt. 1 

(a) 1 

Wavo span 
(6) 

aXb 

10,000 

Testosterone 

288.42 

33.9 


Progesterone 

314.45 

31.0 


Corticosterone 

346.45 

29.7 


Desoxycorticosterone acetate 

372.49 

26.7 


17-Hydroxydehydrocorticosterone. . 

360.44 

12.2 


A^-Cholestenone 

384.52 

18.9 



rated ketone of another structural type; namely, A^-cholestenone. 
This substance was found to give a polarogram similar to that of 
A'*-cholestenone and of the same wave span. The potential in 
alkaline isopropanol was —1.43 volt, which is significantly below 
the level for the 3-ketones of the A^ series. A potential in the 
range —1.5 to —1.6 volt is thus liighly specific and distinguishes 
the A^-unsaturated 3-sterones frorq saturated ketones of various 
types, and from at least one other a,/3-unsaturated type. The 
list of natural hormones now shown capable of characterization by 
this method includes the important testosterone and progesterone, 

CHs 



Ai-Cholestenono 
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and three substances which have been isolated from the adrenal 
cortex and shown to have cortin activity. 

Determination ils Girard Derivatives — The polarographic be- 
ha\ior of the Girard derivatives of the a,/9-unsaturated ketones 
was investigated both to see whether there are any advantages in 
the use of the derivatives in place of the free ketones and to deter- 
mine the nature of the effect to be expected if unsaturated ketones 
are encountered in appl3dng the above method for the analysis of 
urinar}^ androgens. A given substance was condensed with excess 
Girard's reagent according to the standard procedure outlined 


H.5 

0-'-3 

> 


-l.l 
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Fig. 15. Girard derivatives of otj^-imsaturated ketones (0.5 mg. sample, 
standard procedure, Sensitivity C). Curve 1, desoxycorticosterone ace- 
tate; Curve 2, testosterone; Curve 3, testosterone propionate. 

above and one-fourth of the solution was prepared for polaro- 
graphic analysis in the usual manner. 

The behavior of imsaturated ketones having no other reducible 
groups is illustrated by the graph for testosterone, Curve 2 of 
Fig. 15, and also by Curve 3, for testosterone propionate. The 
waves are well defined and suited to accurate measiirement, and 
the wave span is far greater than is obtained on polarographing a 
free ketone in alkaline isopropanol. Thus if the data of Figs. 14 
and 15 for testosterone are placed on a co mm on basis, it is seen 
that the Girard derivative gives a wave span 6.3 times as great 
as does the free hormone. This means that determination of the 
Girard derivative represents a far more sensitive method of 
analysis. 



682 Polarographic Study of Ketosteroids 


The half wave potential of the discharge attributable to the 
cKj/S-unsaturated ketonic group is approximately ■—1,23 volts, 
whereas that characteristic of the saturated 17-ketosteroid Girard 
compounds is about — 1.44 volts. The difference is so pronounced 
that the potential of the wave serves as a reliable index of the type 
of ketone in hand. Furthermore, results obtained with com- 
pounds having two types of groups present in the same molecule 
indicate that these both leave an imprint on the polarographic 
chart. Thus desoxycorticosterone acetate (Fig. 15, Curve 1) gives 
a double wave; the first is quite distinct and occurs at a level 
(—1.23 volts) associated with the A^-3-ketonic structure, while the 


-1.5 

(O 
h- 

^-'■3 
> 

- 1.1 
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Fig. 16. Girard derivatives (0.3 mg. sample, Sensitivity C). Curve 1, 
corticosterone; Curve 2 , 17-hydroxydeliydrocorticosterone. 

second wave is shorter and less clearly defined but is encountered 
at a considerably higher potential (about —1.45 volts). Curves 
similarly resolvable into two parts are given by corticosterone and 
17-hydroxydehydrocorticosterone (Fig. 16), as well as by proges- 
terone (Fig. 17, Curve 2). The fact that all of these compounds 
exhibiting an upper wave have a carbonyl group at the 20 position 
would suggest that this group is associated with the second dis- 
charge, and a secure basis for drawing this conclusion is provided 
by a comparison of the curves for progesterone and for A®-preg- 
nenol-3-one-20 (Fig. 17, Curve 1). The latter compound, in which 
the ketonic group at the 20 position constitutes the sole center in 
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COCH, 



A*-PrcgncnoI-3-one-20 

the molecule capable of condensing with the Girard reagent and 
forming a reducible group, gives a characteristic discharge at a 
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Fig. 17. Girard derivatives (0.5 mg. sample. Sensitivity C). Curve 1> 
A*-pregnenol-3-one-20; Curve 2, progesterone. 

half wave potential of about —1.45 volts, and it will be ceen that 
this wave corresponds closely in position and form with the upper 
irave of the progesterone curve. 

The marked difference in the potential of discharge of the Girard 
derivatives of unsaturated and saturated ketones suggested that 
the former might be determinable in the presence of the latter. 
An experiment to test this point is recorded in Fig. 18. A mixture 
of testosterone with double its weight of androsterone was con- 
densed as usual with Girard's reagent; a sample when polaro- 
graphed gave the double wave Chirve 3. The lower wave clearly 
corresponds to that foimd with pure testosterone (Curve 2), while 
the upper one is recognizable as that of androsterone (Cui^e 1); 
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in the mixture both potentials seem slightly depressed. The ratio 
of the two wave spans agrees closely with that of the weights of 
hormones taken. It thus appears that the polarographic method 
developed provides for the simultaneous determination of a,^- 
unsaturated ketones and 17-ketosteroids in mixtures. Another 
case studied is that of a mixture of desoxycorticosterone acetate 
and androsterone (Fig. 19). The mixture gives a double wave 
(Curve 1) clearly revealing the presence of the cortical steroid 
derivative. With suitable standardization based on the lower part 
of the curve, the type of cortin principle represented should be 
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Fig. 18. Simultaneous determination of a saturated and an a,j8-unBatu- 
rated ketone through the Girard derivatives. Curve 1, androsterone 
(1.0 mg.), Sensitivity B; Curve 2, testosterone (1.0 mg.), Sensitivity B; 
Curve 3 , testosterone (0.2 mg.) and androsterone (0.4 mg.). Sensitivity C. 

determinable in the presence of androgens normally occurring in 
urine. The upper portion of the curve for the mixture is doubt- 
less a composite of the discharge due to androsterone and to the 
20-ketonic group of the cortical steroid. 

In Table IV the data for the wave spans recorded in the various 
charts just discussed have been reduced to the common basis of 
0.5 mg. of total sample and Sensitivity C for comparison with the 
molecular weights of the uncondensed hormones. The deviation 
from a strict proportionality is well beyond the experimental error 
and there is -less indication of a regularity here than in the series 
of determinations of the hormones in alkaline isopropanol solution. 


Wolfe, Hershberg, and Fieser 


685 


The whole question of the stoichiometry" of the polarographic 
analyses presents many perplexing problems, and the contrasting 
behavior of five* and six-membered ring ketones and of those 
ha^dng the carbonyd group at the 20 position raises further interest- 
ing problems which are difficult of theoretical interpretation. It 
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Fig. 19. Determination of a A *-3, 20-dike tone in the presence of a 17-keto- 
steroid (Girard derivatives). Curve 1, desoxycorticosterone acetate 
(0.2 mg.) and androsterone (0.4 mg.), Sensiti\nty B; Curve 2, desoxj’cortico- 
sterone acetate (0.4 mg.), Sensitivity C. 


Table IV 

Relation to Molecular Weights {Girard Analysis) 


Compound 

Mol.wt. 

(a) 

Wave span 
(&) 

aX6 

10,000 

Testosterone 

288.42 


— 1 

Androsterone .... 

290.44 


W 

Progesterone 

314.45 



Corticosterone 

346.45 

37.5 


Testosterone propionate 

346.49 

45.0 


Desoxycorticosterone acetate 

372.49 

31.5 



is not clear why the Girard derivatives show a characteristic dis- 
charge covering a span several times greater than is obsen’^ed with 
uncombined unsaturated ketones, unless it be that the result is 
caused by a summation of discharges due to the — 0==N — linkage, 
the terminal ionic group, and possibly the amide carbonyl group. 
The theory of the polarographic phenomena, however, is of no 
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great moment to the objectives of the present work, and attention 
has been called to the idiosyncrasies encountered in order to indi- 
cate the limitations of the polarographic method and the precau- 
tions to be observed in its application to the quantitative deter- 
mination of hormones. Standardization with reference to known 
compounds and in the presence of companion substances occurring 
in the extracts to be analyzed is all important. With adherence 
to this requirement, the method offers promise of fruitful applica- 
tion to a number of important problems involving the exact deter- 
mination of ketonic androgens, estrogens, and cortical steroids. 

SUMMARY 

The 17-ketosteroids present in neutral urinaiy extracts can be 
determined accurately and rapidly by condensation with excess 
Girard’s reagent and polarographic analysis of a suitably buffered 
aqueous solution of the reaction mixture. When similarly proc- 
essed, saturated 3-ketosteroids are indifferent, ketonic estrogens 
are determinable, and steroids with a 20-ketonic group give a 
somewhat different response. The a,)3-unsaturated A^-3-keto- 
steroids are easily determinable by the same method and are 
readily distinguished from the 17-keto compounds, and even from 
A‘-3-ketosteroids, by a characteristically different potential of the 
polarographic wave. Hormones of the type of testosterone, pro- 
gesterone, and corticosterone also can be characterized and deter- 
mined by polarographic analysis in a mixture of isopropanol and 
aqueous tetraethylammonium hydroxide, although the deter- 
mination of the same hormones in the form of the Girard deriva- 
tives offers advantages of specificity and sensitivity of analysis. 
By the latter method, Q:,j8-unsaturated steroids can be determined 
in the presence of saturated ketonic androgens, in some cases with 
simultaneous determination of these androgens. 
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STUDIES ON THE CHEMISTRY OF BLOOD 
COAGULATION 

XI. THE MODE OF ACTION OF HEPARIN^ 
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Heparin requires the presence of a plasma protein to prevent 
the conversion of prothrombin to thrombin (1-3) and the coagula- 
tion of fibrinogen by thrombin (4). Quick (5) has shown that the 
factor which complements the action of heparin on thrombin is 
contained in the albumin fraction of serum prepared by Howe^s 
method (6). This factor vdll be referred to in this paper as the 
heparin complement. In a preliminary’' communication (7) the 
authors have reported that ciystalline albumin is inactive in com- 
plementing heparin. This has also been observed by Jaques and 
Mustard (8). In the present paper the distribution of the heparin 
complement in plasma and its interaction with thrombin are dis- 
cussed. 


EXPERIMENTAL 

Methods — Thrombin was prepared by the method of Eagle (9) 
and fibrinogen in the usual manner by repeated precipitations 
n*ith sodium chloride. Heparin was used in the form of the pure 
sodium salt.^ All substances were dissolved in 0.85 per cent saline 
and adjusted to neutral pH. 

The activity of plasma fractions in complementing heparin was 
determined as follows: 0.1 cc. of thrombin solution, 0.06 cc. of a 
heparin solution of appropriate concentration, and 0.06 cc. of the 

* This work has been supported bj" a grant from the John and Mary R. 
Markle Foundation. 

^ We wish to thank Hoffmann-La Roche, Inc., Nutley, New Jersey, for 
the heparin preparation used. 
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protein fraction were mixed. After an incubation period, usually 
3 minutes, 2 0.2 cc. of fibrinogen solution was added. In control 
experiments 0.06 cc. of saline was substituted for either the heparin 
or the protein solution to be tested. The tubes were examined 
for clots at fixed intervals in order to avoid unnecessary agitation. 
Experiments were carried out at room temperature. 

Relation between Thrombin and Heparin Complement — ^When de- 
creasing quantities of albumin prepared according to Howe (6) 


Table I 

Effect of Decreasing Concentrations of Albumin Prepared by Howe’s Method 

on Heparin Action 


Experiment No. 

N per CO. albumin 
solution 

Clotting time of fibrinogen 

10 sec. ' 

IShrs. 


vig» 



1 

1.38 

— 

— 

2 

0.69 

— 

— 

3 

0.46 

+ 


4 

0.23 

+ 



+ = clot; — =: no clot. 


Table II 


Effect of Decreasing Concentrations of Serum on Heparin Action 


Experiment No. 

1 

Serum dilution 

f 

j Clotting time of fibrinogen 


30 sec. 

1 min. 

20 min. 

1 

Original 

— 



2 

1:2 

— 

— 

— 

3 

1:4 

1 

— 

+ 



+ = clot; — = no clot. 


in saline were mixed with fixed quantities of thrombin and heparin, 
and the mixtures added to fibrinogen, the coagulation of the latter 
was inhibited until a minimum concentration of the albumin was 
reached, at which the coagulation time fell sharply. These ex- 
periments are summarized in Table I. The thrombin, albumin, 
and fibrinogen were prepared from oxalated sheep plasma. The 
thrombin solution used was obtained by diluting five times the 

* Longer periods produced no difference in results. 
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original solution resulting from the Eagle procedure. It clotted 
an equal volume of fibrinogen in 7 seconds. The heparin concen- 
tration was 0.1 per cent. 

Similar results were obtained by adding normal human serum 
in increasing dilutions to the same clotting system in place of al- 
bumin, as shown in Table II. 

The results shown in Tables I and II (in which for brevity 
numerous intermediate readings are omitted) demonstrate that 
the heparin complement acts only above a critical concentration. 

Distribution of Heparin Complement in Plasma — A sample of 
citrated human plasma was half saturated with ammonium sul- 
fate, and the globulins w^ere separated. From the filtrate the frac- 
tion insoluble at 75 per cent saturation was removed. The filtrate 
thus obtained was concentrated to about half its volume by ultra- 
filtration through a collodion membrane at 600 mm. pressure (10), 
and brought to 100 per cent saturation. The resulting precipitate 
was removed. The fractions insoluble at 50 per cent and 75 per 
cent saturation were r'eprecipitated. The various plasma com- 
ponents were dialyzed in the cold against running water and physi- 
ological saline, and tested at neutral pH.* 

Table III presents the activity of these fractions when tested 
^vith a thrombin solution diluted five times, and a fibrinogen solu- 
tion, both prepared from human plasma. The heparin concentra- 
tion was 0.3 per cent. A control solution containing thrombin, 
heparin, and saline clotted the required volume of fibrinogen in 
less than 15 seconds. The activity of a similar series of fractions 
obtained from normal horse serum on the same clotting system is 
given in Table IV. 

In view of the activity displayed by the globulin fraction (see 
Experiment 1 in Tables III and I^ the amoimt of albumin 
contained in the human globulin (Table III) was determined by 
means of electrophoretic analysis. This was done in collaboration 
with Dr. D. H. Moore by the method of Tiselius (11) as modified 
by Svensson (12). The determination, carried out in 0.15 m 
sodium chloride and 0.02 m phosphate buffer at pH 7.40, indicated 

* The filtrate, after removal of the fraction insoluble at 100 per cent 
saturation, was concentrated to 18 per cent of its original volume by ultra- 
filtration. This solution contained a minimal amount (0.28 per cent) of 
protein. 
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that the fraction contained 23 per cent albumin. The globulins 
were, therefore, reprecipitated by the method of Howe (6) and 

Table III 


Effect of Fractions from Human Plasma on Heparin Action 


Experiment 

No . 

Plasma 

fraction* 

N per CO. pro- 
tein solution 

Clotting time of fibrinogen, min. 

1 

2 

3 

120 



VIQ , 





1 

50 % 

2.0 

— 

— 

— 

— 

2 

50 % 

1.0 

+ 




3 

75 % 

2.0 

— 

— 

— 

1 — 

4 

75 % 

1.0 

— 

— 

I — 

— 

5 

75 % 

0.5 

— 

+ 



6 

100 % 

2.0 

— 

— 


— 

7 

100 % 

1.0 

— 

— 

— 

— 

8 

100 % 

0.5 

— 

— 

+ 


9 


2.0 

— 

— 

— 

— 

10 


1.0 

— 

— 

— 

— 

11 


0.5 

— 

+ 




+ == clot; — = no clot. 

* 50, 75, and 100 per cent represent the plasma fractions insoluble at 
these ammonium sulfate concentrations. The albumin was prepared 
according to Howe (6). 


Table IV 

Effect of Fractions from Horse Serum on Heparin Action 


Experiment 

No. 

Plasma 

fraction* 

N per CO. 
protein 
solution 

j Clotting time of fibrinogen 

*16 sec. 

2 min. 

20 min. 

25 min. 



vxg. 





1 

50% 

2.3 

— 

— 


— 

2 

50% 

1.2 

— 

+ 



3 

75% 

1.1 


— 

— 

+ 

4 

75% 

0.55 

— 

+ 



5 

100% 

1.2 

+ 





+ = clot; — = no clot, 

* 50, 75, and 100 per cent represent the plasma fractions insoluble at these 
ammonium sulfate concentrations. 


tested again. It was found that the heparin complement was 
removed by this procedure, as shown by Table V. 
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Crystalline albumin from human plasma^ displayed no heparin 
complement activity even when freshly prepared solutions of the 


Table V 

Effect of Globulin Fractions from Human Plasma on Heparin Action 


Erpoiment No. 

Globulin fraction 
No.* 

N per cc. globulin 

Clotting time of fibrinogen 

i 

1 znin. 

60 min. 

1 

G-1 

! mff, 

1.20 



2 

G-2 

1.2S 




-f = clot; — = no clot. 

* Fraction G-1 was a globulin obtained from human plasma at 50 per cent 
ammonium sulfate saturation (see Experiment 1, Table III); Fraction G-2 
the globulin resulting from the reprecipitation of Fraction G-1 by the 
Howe procedure (6). 


Table VI 

Crystalline Albumin and Heparin Complement Activity 


1 

Albumin fraction* 

N per 
cc.^ 

protein 

I Clotting time of fibrinogen 

With heparin 

Without heparin 

solution 

30 

cec. 

25 

min. 

120 

min. 

30 

sec. 

3 

min. 

5 j 
min. 

10 

min. 



mff. 





■ 

■ 


1 

Crystalline 


+ 



f 

B 

B 


2 

it 





+ 




3 

75% 


B 



- 


B 

4- 

4 

100% 


B 



+ i 




0 

Soluble at 100% 


B 







6 

Albumin (Howe) 


H 

H 




B 

-h 


-f = clot; — s= no clot. 

* 75 and 100 per cent represent the fractions insoluble at these ammonium 
sulfate concentrations. The fraction soluble at 100 per cent (Experiment 
5) was obtained bj" concentration of the filtrate after removal of the fraction 
insoluble at 100 per cent saturation. 

solid were tested. In Table Y1 its actmty is compared vdth that 
of a number of albumin fractions from human plasma in the pres- 

^ The human crystalline albumin was obtained from Dr. F. E. Kendall 
of the Research Division for Chronic Diseases, Welfare Island, New York. 
We are greatly indebted to Dr. Kendall for several specimens of this 
substance. 
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ence and absence of heparin (7). The fraction "soluble at 100 per 
cent" (Experiment 5) was obtained by concentration of the di- 
alyzed filtrate after removal of the material precipitated at 100 
per cent saturation. The clotting system was the same as in Table 
III. 

Two samples of serum mucoid obtained from Dr. K. Meyer of 
this College were tested. One sample was from ox serum and 
contained N 11.4, hexosaminc 6.3 ; the other was from horse serum, 
with N 11.9, hexosamine 5.2. Both substances were inactive. 

The activity of albumin solutions stored in the cold did not de- 
crease rapidly. Solutions prepared by Howe's method were still 
active after 50 days. 


DISCUSSION 

There exists a critical relationship between the anticoagulant 
activity of heparin and the relative concentration of heparin com- 
plement and thrombin (Tables I to III). For this reason the oc- 
currence of clotting in a system containing thrombin, fibrinogen, 
and heparin may depend entirely on the concentration of the 
heparin complement. It is possible that the relationship between 
heparin complement and thrombin is a factor in pathological con- 
ditions. The concentration of this complement in the blood may 
be the determining factor in individual responses to heparin. It 
may be mentioned that recently a case of hemorrhagic diathesis 
has been reported (13) which was associated with a circulating 
anticoagulant, although no free heparin could be detected in the 
blood stream. 

Crystalline albumin and serum mucoid are inactive. There was 
no appreciable difference in activity among the various other albu- 
min fractions tested (see Tables III and IV) with the sole exception 
of Experiment 5 in Table IV. The globulin fraction prepared by 
ammonium sulfate precipitation contained sufficient albumin to 
be active; this was, however, removed by the Howe procedure. 
The occurrence of albumin in ammonium sulfate-precipitated 
globulin has been observed by McFarlane (14) using the ultra- 
centrifuge. He found as high as 43 per cent albumin in a globulin 
precipitate from normal human serum. In our sample the pres- 
ence of 23 per cent of albumin was detected by means of electro- 
phoretic analysis. 
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It is at present impossible to state whether the ability to act as 
heparin complement is limited to a specific component of the 
albumin fraction. It may be significant that, with the sole ex- 
ception of crystalline albumin, all albumin fractions tested dis- 
plaj-ed some actmty. Speculation on the chemical reactions 
underljing the complement effect here discussed will have to be 
deferred until more data are available. 

It is a pleasure to acknowledge the helpful ad\’ice rendered by 
Dr. H. S. Simms of this College and by Dr. F. E. Kendall of the 
Researcli Di\dsion for Chronic Diseases, Welfare Island, New 
York, in certain phases of the experimental work. 

SUIIMARY 

The distribution of the protein factor in plasma which comple- 
ments the effect of heparin on thrombin is discussed. Crystalline 
albumin from human plasma, in contrast to most other albumin 
fractions tested, is devoid of activity, 
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THE ISOLATION OF 7(i9)-HYDROXYCHOLESTEROL FROM 
THE SERUM OF PREGNANT MARES* 

By 0. WINTERSTEINER axd JOHANA R. RITZMANN 

{From the Department of Biochcmistri/f College of Physicians and Surgeons, 
Columbia University^ New York) 

(Received for publication, August 5, 1940) 

Little information is available as to the chemical nature of 
that portion of the unsaponifiable matter of blood serum which 
is not cholesterol. The only other sterol known to occur is 
i5-cholestanol, which Schoenheimer (1) isolated in small amounts 
from a pathological human serum. The presence of other com- 
pounds related to cholesterol has been repeatedly suggested, 
mainly on the ground that the unsaponifiable matter after re- 
moval of the cholesterol with digitonin contains substances giv- 
ing the Liebennann-Burchard reaction (2-5). Another uniden- 
tified entity is the digitonin-precipitable ''oxycholesteroF' of 
Lifschutz (6, 2), demonstrable by the color reaction bearing his 
name, as well as by the trichloroacetic acid reaction of Rosen- 
heim. 

In the hope that the isolation and identification of some of these 
constituents of the serum would add to our yet very scanty knowl- 
edge of sterol metabolism, we subjected the unsaponifiable mat- 
ter of pregnant mare serum to systematic fractionation. This 
tjTpe of serum was chosen primarily because the lipid fraction, 
a by-product in the manufacture of gonad-stimulating hormone, 
was available to us in large quantities. It may safely be as- 
sumed that at least qualitatively similar results would be obtained 
with normal hcjrse serum. From the alcoholic fraction a digitonin- 
precipitable sterol, 7(/3)-hydroxycholesterol, has been isolated. 
This compound is not new; Barr, Heilbron, Parry, and Spring 
(7) prepared it in 1936 by oxidation of cholesterol acid phthalate 

• This work was carried out with the aid of a grant from the John and 
Mary R, Markle Foundation. 
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with alkaline permanganate, and proved its structure by con- 
version to 7-dehydrocholesterol, but to our knowledge it has not 
previously been encountered in biological material. Interestingly 
enough, its dextrorotatory epimer, 7(a)-hydroxycholesterol, has 
been shown by Haslewood (8) to occur in the unsaponifiable mat- 
ter of ox liver. The identity of our isolated compound with the 
levorotatory isomer of Barr et al. was established by comparison 
with a sample prepared by the method of these workers. The 
melting point behavior of the natural as well as of the synthetic 
preparation showed some peculiarities, which we ascribe to the 
existence of solvated and solvent-free forms, which tend to give 
mixed crystals with each other. This obscured the mixed melting 
point determinations; however, crystal form, solubility properties, 
and specific rotations left no doubt as to the identity of the 
two preparations. Moreover, the properties of the respective 
dibenzoates showed full agreement. 

The method of isolation of 7 (/3) -hydroxy cholesterol is described 
in the experimental part. The sparing solubility of the diol in 
cold petroleum ether or pentane facilitated a partial removal of 
the cholesterol when the latter predominated in the mixture; 
for complete separation, adsorption of the acetates on aluminum 
oxide and fractional elution proved indispensable. The strong 
blue color given by the compound when dissolved in trichloroacetic 
acid (Rosenheim reaction) was employed as a guide in following 
the compound through the various fractionation steps. 

Owing to the scattering of material unavoidable in an explora- 
tory investigation and the undoubtedly heavy losses incurred in 
the fractionation, it is difficult to give an estimate of the amounts 
of 7(^)-hydroxycholesterol present in the unsaponifiable matter 
of the original serum. Starting from about 150 gm. of unsaponifi- 
able matter we obtained from our best fraction 234 mg. of crude 
crystalline material, which yielded 84 mg. of the pure compound; 
an additional 70 mg. of somewhat less pure diol were obtained 
from the mother liquors and from other fractions. Taking into 
account the numerous side fractions, we may assume that the 
actual concentration in the unsaponifiable matter is probably 
several tenths of 1 per cent. On the other hand, we have evidence 
that not all of the chromogenic material in the final fractions is 
represented by 7(/3)-hydroxycholesterol. In working up the 
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mother liquors of the diol we obtained a product crystallizable 
from absolute ether which exhibited a lower levorotation (—26°) 
than either 703)-hydroxycholesterol (—90°) or cholesterol (—38°). 
From methanol, in which it is much more soluble than 70S)- 
hydroxjTholesterol, this material deposited as a semicr 3 "stalline, 
gelatinous mass, reminiscent in appearance of the epimeric mixture 
of 7-hydroxycholesterols which is obtained by reduction of 7- 
ketocholesterol vdth. aluminum isopropylate. The possibility 
exists that the dextrorotator}’’ epimer, which is kno\^Ti to occur 
biologically (8), is likewise present in the diol fractions. The sub- 
stance in question cannot be 7-dehydrocholesterol, because the 
latter is more strongly levorotatory than 703)-h3^drox3^cholesterol. 

An inquiry whether the isolated compound bears some relation- 
ship to the ''oxycholesterol” which Lifschiitz (6, 2) detected, by 
means of his color reaction, in the unsaponifiable matter of blood 
and of various organs, seems hardly profitable. Chemical and 
physical data, other than spectroscopic, on this entity are entirely 
lacking. Lifschiitz was able to prepare from cholesterol by 
oxidation and other chemical means resinous products which 
possessed identical chromogenic properties and the composition 
C27H<602 required for a hydroxycholesterol (9), and the fact 
that such a preparation, made from cholesterol dibromide by 
treatment with sodium acetate, was shown by Rosenheim and 
Starling (10) to contain a diol later identified as A^-cholestenediol- 
3,6 (11) has little bearing on the problem. The Lifschiitz test is 
certainly not specific, as it is given not only by Rosenheim's diol 
but also by a- and /3-7-hydroxycholesterol, and probably by all the 
numerous sterols that yield a blue color in the Rosenheim test. 

Of greater interest are the numerous reports that ''oxycholes- 
terol” is formed from cholesterol by the influence of light, heat, 
and oxygen (12-16), and by aeration of aqueous colloidal solutions 
in the presence of soaps (15). Indeed, Bischoff (16) could not 
obtain a positive Lifschiitz reaction on the unsaponifiable matter 
of blood, brain, and egg yolk when oxygen was excluded in the 
operations requiring heating, and he therefore doubted the exist- 
ence of preformed ^^oxycholesterol.” The question may then 
be asked whether the compound isolated by us is of true biological 
origin. Conditions, especially during the large scale operations, 
may have approximated those in the experiments quoted. To the 
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work done in our laboratory, beginning with the saponification 
of the lipid fraction, this applies only to a limited degree, since all 
procedures requiring heat or prolonged standing, as well as the 
vacuum distillations, were carried out in an atmosphere of nitro- 
gen, and all solutions at rest were kept in the dark refrigerator. 
Nevertheless the mother liquors of the first crude cholesterol 
fraction gave a distinct Rosenheim reaction. A similar result, 
moreover, was obtained in two small scale experiments with 1.3 
liters of pregnant mare serum and 3.7 liters of normal horse serum, 
which were collected from individual animals. In .these all 
operations, from the drawing of the blood on, were conducted with 
the least possible delay and all practicable precautions against 
oxidation by air and light were taken. The succinates prepared 
from the cholesterol mother liquors gave the color reaction, which 
also points to the existence of preformed chromogenic products in 
serum. However, in working with the large quantities necessary 
in the search for new compounds it is virtually impossible to 
exclude all factors which might favor the formation of artificial 
"oxycholesterol,” so the question of the source of any isolated 
compound giving the Lifschiitz reaction is unanswerable. It is 
clear that the approach to this problem must be made by trying 
to establish the nature of the “oxycholesterol” formed from 
cholesterol. The yield of pure 7(/S)-hydroxycholesterol repre- 
sented a substantial portion (about 30 per cent) of the cholesterol- 
free, Rosenheim-positive fractions. On purely chemical grounds 
the possibility that 7 (/3)-hydroxycholesterol may have been formed 
by such accidental oxidation seems remote. If, on the other hand, 
in vitro oxidation to a well defined substance actually takes place 
with such facility, it can well be argued that an identical reaction 
may occur also under biological conditions; a line of thought, 
incidentally, which also underlies the work on the artificial prepa- 
ration of “oxycholesterol” (Lifschiitz, Rosenheim). 

Our finding bears suggestively on the question of the biological 
origin of provitamin D 3 , 7-dehydrocholesterol, which has been 
shown by Windaus (17) to occur in a variety of mammalian tissues. 
Both a- and ^-hydroxycholesterol can be dehydrated by way of 
the dibenzoates to the provitamin, and may well also figure as 
intermediates in its biological formation. 
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EXPERniENTTAL 

The starting material was the lipid fraction (about 750 gm.) 
from some 150 liters of pregnant mare serum, obtained by precipi- 
tation of the serum proteins with acetone, which probably elimi- 
nated most of the phospholipids. The extract was saponified 
with 10 per cent potassium hydroxide in 90 per cent methanol by 
allowing the mixture to stand at room temperature for 7 days in 
an atmosphere of nitrogen. It w’as then exhaustively extracted 
with purified, low" boiling petroleum ether in a continuous ex- 
tractor. The material extracted by the first charge of petroleum 
ether was subjected to a second saponification for 12 da^^s. The 
subsequent charges on concentration in vaouo deposited a clean 
looking, crystalline precipitate, which was separated by filtration. 
The complete removal of soaps from the rest of the petroleum 
ether-soluble products proved somewhat troublesome. Only 
after most of the soaps and other disturbing substances had been 
eli min ated by extraction of the dry residue with acetone, in w-hich 
they remained undissolved, could the remainder be effectively 
washed out of the ether or petroleum ether solutions with aqueous 
potassium carbonate. The crystallizable portion of the neutral 
fraction w"as then subjected to an extensive fractionation, in 
which methanol, petroleum ether, and acetone were employed as 
solvents. 50 gm. of almost pure cholesterol (m.p. 146-'147°, 
[crln = “38.8° in chloroform), which gave no trace of blue color 
with trichloroacetic acid, were thus isolated. The rest of the 
material was largely contained in two fractions, 26-3 gm. of me- 
thanol-soluble products (Fraction A), and 70.8 gm. of a reddish 
browm oil, which was almost insoluble in methanol (Fraction B).^ 

^ We wiflli to express our sincere thanks to Dr. E. Schwenk of the Scher- 
ing Corporation, Bloomfield, New Jersey, for making this material avail- 
able to us. 

*The solubility properties of Fraction B suggested that it consisted 
at least in part of hj'drocarbons. Small amounts of similar material were 
obtained from Fraction A after removal of the alcohols as acid succinates 
and of the ketones with Girard’s reagent. These were subjected to further 
fractionation with methanol, and finally to fractional distillation in a high 
vacuum. No crystalline products could be isolated. Analysis of one of 
the distilled fractions showed that it consisted entirely of hydrocarbons. 
Since it appeared doubtful that all of the methanol-insoluble material 
was of biological origin, we prepared the unsaponifiable matter from 1.3 
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Fraction A was separated into alcoholic and non-alcoholic 
fractions by means of succinic anhydride and pyridine (18). 
The crude acid succinates were thoroughly extracted with pe- 
troleum ether at room temperature; the undissolved residue (10 
gm.) consisted mainly of cholesterol acid succinate. The oily, 
petroleum ether-soluble material was dissolved in methanol and 
treated with an excess of lead acetate dissolved in the same solvent, 
in the hope that differences in the solubility of the resulting lead 
salts in organic solvents might effect a separation of the residual 
alcohols. A dark brown oil deposited, which was extracted with 
several portions of ether at room temperature, leaving a granular 
residue. The methanol supernatant was diluted with water and 
extracted with ether. Three lead salt fractions were thus ob- 
tained, (1) one soluble in methanol, (2) one soluble in methanol, 
but insoluble in ether, and (3) one insoluble in both these solvents. 
To remove the lead, each of these fractions was distributed between 
dilute hydrochloric acid and ether; the ether residues were sa- 
ponified at room temperature (4 days) with 5 per cent methyl al- 
coholic potassium hydroxide. Not all of the saponified material 
could be extracted with petroleum ether after the addition of 
water. The aqueous phase was therefore concentrated in vacuo, 
and the extraction repeated with ethyl ether. The distribution 
of material in the resulting six fractions (petroleum ether residues, 
Fractions la, 2a, 3a, and ether residues. Fractions lb, 2b, 3b) 

liters of pregnant mare serum and 3.7 liters of normal horse serum, and 
fractionated it in a similar manner. Strict precautions against accidental 
contamination with foreign matter were taken. The total lipid fractions 
were obtained by treatment of the serums with 5 volumes of ether-alcohol 
(1:1). The phospholipids were removed by precipitation with acetone; 
ethyl ether instead of petroleum ether was used for the e.vtraction of the 
unsaponifiable matter. The yields of products free from alcohols and 
ketones indicated that no more than 5.6 and 3.7 per cent of the unsaponifi- 
able material (from pregnancy serum and normal serum respectively) be- 
haved like hydrocarbons. We conclude from these results that, though 
small amounts of hydrocarbons are probably present in serum, the cor- 
responding fraction in our large batch must have been derived largely from 
contaminations introduced during the factory operations. The normal 
horse serum for the above experiments was made available to us by Dr. W. 
G. Malcolm of the Lederle Laboratories, Inc., Pearl River, New York, and 
the pregnant mare serum by Mr. W. 0. Osborn of the Ben Venue Labora- 
tories, Inc., of Cleveland, Ohio; we wish to extend to them our sincere 
thanks for these gifts. 
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was as follows: Fractions la 0.738 gm., Fraction lb 0.247 gm.» 
Fraction 2a 1.20 gm., Fraction 2b 0.364 gm., Fraction 3a 1.416 gm.» 
and Fraction 3b 0.558 gm. All six fractions gave a strong Rosen- 
heim reaction, but subsequent ^Yo^k showed that the largest 
amount of the diol was present in Fraction 3a. This fraction 
was extracted in a 50 cc. centrifuge tube, with 20 cc. of pentane, 
by stirring the suspension for a few minutes after short initial 
boiling. The insoluble material, a gelatinous mass, was centri- 
fuged and the extraction repeated twice with the same amount 
of pentane, and then with two 10 cc. volumes of petroleum ether 
(b.p. 40-60®). The insoluble residue (433 mg.) was acetylated 
with acetic anhydride and pyridine at room temperature. The 
acetylated produce (514 mg.) was dissolved in 25 cc. of pentane 
and passed through a column of Brockmann's aluminum oxide 
(250 X 12 mm.). The column was washed in succession with 
75 cc. of pentane, 100 cc. portions of pentane-benzene (9:1, 8:2, 
6:4, 4; 6), benzene, and finally acetone. The filtrate was cut 
for every ingoing 25 cc. The 8:2 pentane-benzene washings left 
on evaporation a colorless, mostly crystalline residue, which on 
purification yielded cholesterol acetate. The Rosenheim-positive 
products, colorless oils, were mostly contained in the 6:4 and 4:6 
pentane-benzene washings (274 mg.). To assure the complete 
removal of cholesterol the absorption procedure was repeated on 
this fraction. The Rosenheim-positive material was distributed 
as before; the 6:4 and 4:6 pentane-benzene fractions were saponi- 
fied separately vdth cold methyl alcoholic potassium hydroxide. 
Both solutions deposited needle-shaped crystals, which were 
centrifuged and washed with 90 per cent methanol (31 and 92 
mg.). Since both preparations possessed the same melting point, 
namely 179-184°, no marked fractionation of the chromogenic 
material had apparently been effected. The remainder of the 
fraction was recovered by ether extraction of the mother liquors 
(111 mg.). 

Fractions la, lb, 2a, and the pentane-soluble part of Fraction 
3a were all treated separately ^vith digitonin in 80 per cent alcohol. 
An excess of the reagent and prolonged standing were necessary 
to make the precipitation complete. The sterols regenerated from 
the digitonides (209, 37.5, 550, and 288 mg. respectively) con- 
tained, as further fractionation and chromatographic analysis 
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showed, varying amounts of cholesterol and Rosenheim-positive 
products. Altogether about 200 mg. of the latter, free from choles- 
terol, were obtained from these fractions, but only 30 mg. of 
this amount could be recovered in form of the crystalline diol. 

Undoubtedly the procedure of isolation as described could be 
simplified in several respects, with probable advantage to the 
yield. The fractionation of the succinates as lead salts, which 
resulted only in a scattering of the diol without effectively sepa- 
rating it from the cholesterol still present, seems unnecessary. 
The soluble succinates could preferably be saponified directly, 
and the remaining steps applied to the digitonin-precipitable 
products only. We plan to repeat the isolation from a new batch 
of starting material in this manner. 

7(^)-Hydroxycholesterol — The combined crystalline fractions 
(123 mg.) yielded on two recrystallizations from methanol beauti- 
ful long needles melting at 183-186°. The whole preparation was 
dried for 3 hours at 110° and 12 mm. of Hg for the analysis and the 
determination of the specific rotation. The weight loss on dr3dng 
was 7.3 per cent; calculated for 1 mole of methanol of crystalliza- 
tion, 7.37 per cent. 

Analysis— Ci7^t(.02. Calculated. C 80.52, H 11.52 
Found. “ 80.36, “ 11.25 
W” = —96.8° (0.995 % in chloroform) 

A 3 X 10“® M solution of the dried preparation in alcohol showed 
no specific absorption in the ultraviolet region above 220 m;i. 

With trichloroacetic acid the compound gives a deep blue color. 
The green pigment formed with Lifschiitz’s reagent, prepared as 
described by Blix and Lowenhielm (15), exhibited the typical 
band at about 630 mp. 

The digitonide crystallizes from 80 per cent alcohol in beautiful 
small needles. Precipitation takes place more slowly than from 
cholesterol solutions of comparable strength. 

The melting point of the original preparation (186°) was slightly 
depressed (183°) after drying at 110°. On recrystallization from 
methanol crystals indistinguishable in appearance from those of 
the undried sample were obtained, but their melting point was 
considerably lower (170-173°) and could not be raised by further 
crystallization. Still more puzzling was the behavior of the 
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material recovered from the chloroform solution used in the rota- 
tion experiment. It proved to be much more soluble in methanol 
than the original crj'stals; seeding with the sample melting at 
183° was of no avail. Large rods melting at 154-157°, quite 
different in appearance from the long, fine needles of the higher 
melting samples, were finally obtained from a small volume of 
methanol on prolonged standing in the refrigerator. This prepa- 
ration lost no weight on drjdng at 110° and 12 mm. of Hg for 
1 hour. As was ascertained on another sample, prolonged heating 
at that temperature leads to decomposition. The same is true 
of the higher melting preparations. 

Analysts — CnUuOs. Calculated. C 80.52, H 11.52 
Found. “ 80.42, “ 11.47 

44.5 mg. of the diol, melting at 167-175°, were recovered from 
the combined mother liquors of the original crystals. The melting 
points on three subsequent recrystallizations from methanol were 
176-181°, 175-182°, and 176-179°. The last crop was analyzed 
after drying in vacuo at room temperature. 

CjtHijOj-CHjOH. Calculated. C 77.35, H 11.60 

CjTHieOrHsO. “ " 77.08, 11.51 

Found. " 77.30, “ 11.04 

The product was then recrystallized once more from methanol. 

The melting point was now 167-171°. The optical rotation was 
determined on the desiccator-dry material. [a.\^ = —91.2° 
(0.704 per cent in chloroform). 

Synthetic 7{0)-hydToxycholesierol, prepared by the method of 
Barr el ah (7), showed the same irregularities in melting point 
behavior. In fact we never succeeded in raising the melting 
point to that of the diol isolated from serum, namely 186°, which 
corresponds to the value given by the English workers (185°). 
The highest melting point attained was 179°, but on subsequent 
recrystallization it fell to 169°. As with some preparations of 
the natural compoimd, irregular rises and drops were observed 
in the intermediate crystallizations. On account of these difficul- 
ties the mixed melting point determination could be carried out 
only with products differing by 8° in their melting points (171° 
and 179°). The mixed sample melted at 176°. The preparation 
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lost 4.24 per cent of solvent on drying at 110° and 12 mm. of Hg. 
The weight became constant after 1 hour. 

Analysis — C 27 H 4 eOj. Calculated. C 80.52, H 11.52 
Found. “ 80.60, “ 11.62 

The specific rotation = -89.9°) of the (desiccator-dry) 

synthetic product, m.p. 169°, compared well with the value, 
—91.2°, obtained with a natural preparation melting at 171°. 
Furthermore, a weighed sample of the same material was dried 
to constant weight at 110° at 12 mm. pressure and its rotation 
determined, [a]^^ on the basis of the original weight was again 
— 89.9°, and — 94.5° on the basis of the dry weight. It is probable 
that the value given by Barr et al., = —86.4°, was obtained 
with a preparation containing solvent. When the synthetic 
sample recovered from the chloroform solution was recrystallized 
from methanol, it exhibited the same peculiarities as the natural 
material, and a highly concentrated solution finally yielded rods 
mixed with a small amount of needles. 

The weight loss on drying in the above experiment was only 
5.50 per cent; the natural compound, m.p. 186°, under identical 
conditions, lost 7.3 per cent, which would account for 1 mole of 
methanol of crystallization. Talcing into account all the ob- 
served facts, we are inclined to believe that the diol exists in two 
modifications, a high melting form, m.p. 186°, crystallizing in 
needles which contain 1 mole of methanol, and a low melting form, 
m.p. 154-157°, crystallizing in rods without solvent of crystalliza- 
tion. The products with intermediate melting points and solvent 
content are obviously mixed crystals of the two forms. If once 
the low melting form, which seems to be the more stable one, is 
produced, for instance, by drying, or the use of chloroform as a 
solvent, it is apparently not possible to secure again the fully 
solvated form by crystallization from methanol. 

7{$)-Hydroxycholesterol Dibenzoate — The dibenzoate was pre- 
pared from 40 mg. of a preparation of the natural diol melting at 
173° by allowing its solution in 1 cc. of pure pyridine and 0.5 cc. 
of benzoyl chloride to stand at room temperature for 24 hours. 
The reaction mixture was worked up in the usual way. The 
crystals obtained from the ether residue were washed with cold 
methanol, and then recrystallized once from 1 : 1 methanol-acetone, 
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and twice from absolute alcohol. 33 mg. of fine needles, m.p. 
155-156.5°, were obtained. 

Analysis— CuHnOo Calculated. C 80.60, H 8.92 
Found. “ 80.41, “ 9.15 
[crlo = —112.5° (0.68 % in chloroform) 

A synthetic preparation (ra. p. 169°) yielded on benzoylation 
needles of identical appearance and melting point (155-157°); this 
is somewhat higher than the melting point reported by Barr et ah 
for their dibenzoate (150-151°). The melting point of a sample 
mixed vdth the dibenzoate of the isolated compoimd showed no 
depression, [a]” == —110.4° (0.79 per cent in chloroform); 
Barr ef ai. found [a]” = —105.3°. 

Our attempts to prepare the crystnlline diacetate (m.p. 122°) 
described by Barr et ah were unsuccessful. Both preparations, 
from the natural and from the synthetic diol, failed to crystallize 
from dilute alcohol as well as from pentane. Distillation in a 
high vacuum at 120-140° likewise yielded only an oOy product. 

SUMJrART 

A sterol not hitherto encountered in biological material, 7(^)- 
hydroxycholesterol, has been isolated from the unsaponifiable 
matter of pregnant mare serum. Its identity was established by 
comparison with the synthetic compound which Barr, Heilbron, 
Parry, and Spring prepared by oxidation of cholesterol acid 
phthalate with permanganate. 

The microanalyses reported in this paper were carried out by 
Mr. William Saschek. 
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STUDIES ON PITUITARY LACTOGENIC HORMONE 
IV. TYROSIKE AND TRYPTOPHANE CONTENT* 

By CHOH HAO LI, WILLIAM R. LYONS, and HERBERT M. EVANS 

{From Ihe Institute of Experimental Biology and the Departmeni of Anatomy, 
University of California, Berkeley) 

(Received for publication, August 12, 1940) 

It has been shown (1) that the solubility of sheep lactogenic 
hormone is greater than that of beef lactogenic hormone in 0.01 
N HCl solution. On the other hand, beef hormone was shown to 
be more soluble than sheep hormone in 0.1 m citrate buffer at pH 
6.36. It is therefore likely that as compared with beef, sheep lac- 
togenic hormone possesses more basic groups or fewer acidic groups 
in the molecule. Green et al. (2) have shown that horse and 
hiunan carboxyhemoglobins differ in solubility, as demonstrated 
by the salting-out effect of phosphate ion, and the difference be- 
tween these two proteins has also been shown by amino acid deter- 
minations (3, 4). 

Of the amino acids, tyrosine and tryptophane are particularly 
interesting, the former usually being considered one of the con- 
stituents^ essential for the specific biological role of certain pro- 
teins. Its importance for the antigenicity of proteins is generally 
recognized. Furthermore, the phenolic hydroxyl groups con- 
tribute, to some extent, to the dissociation constants of proteins. 
The tryptophane content (6) is especially useful in estimating the 
minimal molecular weight of proteins, for this amino acid usually 
constitutes but a small fraction of the molecule. 

* Aided by grants from the Research Board of the University of Califor- 
nia, from the Rockefeller Foundation, from Parke, Davis and Company, 
and from the National Research Council Committee on Research in Endo- 
crinology. Assistance was rendered by the Works Progress Administra- 
tion, Official Project No. 665-08-3-30, Unit Ao. 

We (5) have recently shown that the tyrosine molecule is important for 
the biological activity of lactogenic hormone (iodination experiments). 
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Lactogenic Hormone 


BXPEBIMBNTAL 

The lactogenic hormone prepared from both beef and sheep 
pituitary, essentially in the manner described previously (7) 
contained approximately 30 i.u. in 1 mg. and behaved as a single 
substance in electrophoresis (8, 9) and solubility experiments. 

Lugg’s modification (10) of Folin and Ciocalteu’s method was 
used to determine the tyrosine and tryptophane content. 30 mg. of 
the final hormone preparation were dissolved with 0.5 cc. of 5 m 
N aOH in a small Pyrex test-tube. The sealed test-tube was then 
put into a steam bath for about 35 hours. The hydrolysate was 
then diluted with water to 10 cc. in a volumetric flask. 1 cc. of 
5 N H2SO4 was added to 4 cc. of centrifuged solution and the deter- 
mination of tyrosine and tryptophane was carried out essentially 
as described by Lugg. The color developed was measured in the 
Cenco-Sanford-Sheard photelometer with a blue filter. The ty- 
rosine and tryptophane content of the solution was read off from 
a calibration curve which was made with pure tyrosine and 
tryptophane. 


Results 

Table I gives the tyrosine and tryptophane content of three 
preparations of sheep and beef lactogenic hormone respectively. 
Each value is an average of at least two determinations. It will 
be seen that the tyrosine content of beef hormone (5.73 per cent) 
is definitely higher than that of sheep (4.53 per cent), while the 
tryptophane content® is practically the same in both. It is not 
likely that the difference in the solubility behavior of these two 
proteins can be completely explained by their tyrosine content and 
further determinations of the other amino acids will be necessary 
to explain this phenomenon. 

It is of interest to note that the tyrosine and tryptophane con- 
tent of lactogenic hormone as given by Riddle and Bates (11) 
differs from our results. They reported that their preparations 
contain about 2.0 per cent tyrosine and 3.0 per cent tryptophane. 
Recently White and Lavin (12) demonstrated the presence of 

- The experimental error of tryptophane determination is shown by Lugg 
to be at least 5 per cent. The difference existing between beef and sheep 
preparations is obviously within the experimental error. 
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Table I 

Tyrosine and Tryptophane Content of Lactogenic Hormone As Prepared from 
Beef and from Sheep Piiuitarice 


Preparation ! 
No. 

Ongin 

Tyrosine 

Trj’pto- 

p^nc 

Preparation' 
No. ^ 

Origin 

TjTosine 

Trypto- 

pnane 

L2S3 

Beef 


mmM 

m 

Sheep 

per eaii 

4.63 

per cent 

1.30 

L287 

f( 


wsm 


(( 

4.20 

1.28 

L293 


5.63 

1.10 


it 

4.75 

1.00 

Average 

5.73 

1.31 

bb 


4.53 

1.19 


tyrosine and tryptophane in their preparations by the ultraviolet 
absorption spectrum but no quantitative data were given. 

As calculated from the trj^ptophane content, the minimal 
molecular weight of pituitary lactogenic hormone of both sheep 
and beef origin would approximate 15,000. As far as we have 
been able to learn, no protein contains more than 3 molecules of 
tiyqjtophane. It follow's that, unless lactogenic hormone is an 
exception, its molecular w'eight cannot exceed 45,000. 

STOGIAKY 

The tjTosine and trj^ptophane content of sheep and beef pitui- 
tary lactogenic hormone has been determined and it w’as foimd 
that the}’' contained practically the same amount of tr}T)tophane 
(1.19 to 1.31 per cent), whereas the tyrosine content of beef hor- 
mone (5.73 per cent) w'as higher than that of sheep hormone (4.53 
per cent). This finding may be said to support the e\ddence 
pre\dously obtained from solubility studies that lactogenic hor- 
mone exhibits a species specificity. 
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A METHOD FOR THE DETERMINATION OF THIAMINE 
AND CERTAIN OF ITS METABOLIC 
PRODUCTS IN URINE 

Br ALFRED S. SCHULTZ, LAWRENCE ATKIN, akd 
CHARLES N. FREY 

(From The Flciechmann Ldboralories of Standard Brande Incorporated, 

New York) 

(Received for publication, August 10, 1940) 

The fermentation method for the determination of thiamine 
(1, 2) has been successfully applied to the analysis of numerous 
plant and animal tissues (3, 4). It has also been applied to 
metabolism studies (5, 6) in which the thiamine content of urine 
was determined. As noted at the time, it was recognized that 
the stimulation of fermentation caused by urine was due not 
entirely to thiamine itself but in part, at least, to metabolic 
breakdown products of thiamine. This partial lack of speciBcity 
(only partial since the non-thiamine stimulatory substances are 
considered to be related to thiamine) did not appear to affect the 
conclusions of those studies. It should be valuable, however, 
to be able to distinguish between thiamine and its breakdown 
products, because such information may have clinical signifi- 
cance. 

As reported elsewhere (7), we have found that the oxidation of 
thiamine to thiochrome renders it inactive with regard to the 
fermentation test. On the other hand the partial destruction 
(by splitting or otherwise) of the thiamine molecule renders it 
unable to fonn the thiochrome structure and hence it retains its 
activity for the fermentation test. The conditions necessary for 
the differential oxidation of the thiamine-related substances in 
unne form the subject of this communication. With this method 
we have examined a series of human urines. By way of control 
the same samples were assayed by Light, Cracas, and Frey 
employing an improved rat growth method to be published 
shortly. 
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Thiamine Determination in Urine 


A'p’paraius 

In addition to the usual equipment for making the fermenta- 
tion test, a source of nitrogen (tank) and a manifold with three 
outlets are required. To each outlet is attached a short length 
of rubber tubing having a screw-clamp for constriction. Gas 
delivery tubes (about 6 mm. outside diameter) are directed to 
the bottom of cut down glass cylinders which are made by trim- 
ming broken 100 ml. cylinders to about the 30 ml. mark. The 
pressure of the nitrogen is conveniently maintained at about 
2 cm. of Hg by a simple T-tube pressure release arrangement at 
some point between the tank and the manifold. 

Reagents — 

Potassium ferricyanide. 2 per cent aqueous solution, prepared 
daily. 

Sodium hydroxide. 2 n. 

Sulfuric acid. l.N. 

Isobutyl alcohol. 

Thiamine. 10 y per ml., prepared daily from a strong stock 
solution (1 mg. per ml.) which is kept refrigerated. 

Boiled yeast solution. 3 gm. of moist yeast (such as is used to 
make the fermentation test) is suspended in water, acidified to 
Congo red, boiled, and made to 100 ml. when cool. 

Procedure 

In one cylinder (A) place about 20 ml. of the ferricyanide solu- 
tion and pass a steady stream of nitrogen through it (200 to 300 
bubbles per min ute). In another cylinder (B) place about 20 
ml. of the urine under test and pass N2 through it also. In a third 
cylinder (C) place 5 ml. of NaOH and a drop of isobutyl alcohol. 
Pass N2 through Cylinder C for 5 minutes and then by pipette 
transfer 4 ml, of urine from Cylinder B into Cylinder C, and fol- 
low this with 2 ml. of ferricyanide solution from Cylinder A. 
Now add 10 ml. of H2SO4 and stop the N2 stream. Adjust the 
reaction to neutral (with neutral litmus paper) and, noting the 
volume, pour into one of the fermentation test reaction bottles. 
Rinse with a known volume of water. A subsequent fermenta- 
tion test tells how much thiamine was destroyed by oxidation. 
Since experience shows that the efficiency of oxidation of thiamine 
in urine is less than 100 per cent, a parallel efficiency test with the 



Schultz, Atkin, and Frey 


715 


same urine is made. A mbcture of the urine and the dilute 
thiamine solution is made so that 5 ml. of the mixture represent 

4 ml. of urine and 1 ml. of thiamine solution; t.e., 10 7 of thiamine. 

5 ml. of this mixture are treated exactly like the original urine. 
The difference between the results with the original urine and 
the urine with added thiamine is used to compute the per cent of 
efficiency of the oxidation. 

In the fermentation test proper, controls having two different 
known amounts of thiamine are employed. In this case it is 
desirable to use 0 and 2 7 as controls to avoid having to oxidize 
too much material. Furthermore it is best to have the mixture 
of salts, etc., present in the controls to avoid any interference due 
to a salt effect on the relation between the controls and the un- 
knowns. Since it is desired to have present in the control reac- 
tion a mixture similar to that of the unknowns, a portion of the 
ferricyanide is reduced. 1 ml. of the boiled yeast solution is 
put through the same oxidation procedure as the urine. This 
quantity of yeast will have about 0.3 7 of thiamine before oxida- 
tion but afterwards will have only the slightest trace. Two of 
these are prepared, one each for the 0 and 2 7 controls. 

Interpreiaiion'Of Results 

The urines are first analyzed by the usual fermentation test 
technique and the results expressed as fermentation vitamin Bi; 
i.e.j the stimulatory effect is measured in terms of thiamine. 
Table I gives the details of an analysis of two urines. Urine I 
is a normal 24 hour sample and Urine II represents the urine of a 
normal individual to whose diet 2.1 mg. of thiamine had been 
added. 

The efficiency is obtained from the difference in the residual 
vitamin Bi by fermentation, after oxidation of a portion of urine, 
with and without added thiamine. In the case of Urine I the 
difference is 1.3 7, which means that 87 per cent of the added 
10 7 has been oxidized. 

Comparison of Results vnih Animal Tests 

Table 11 gives the results of a series of analyses performed by 
both the method described and a rat growth method. When one 
considers that a precision greater than 15 per cent for vitamin Bi 
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is seldom claimed for animal methods, the results show a satis- 
factory agreement. The concentration of metabolic products 


Table I 

Thiamine and Metabolic Products of Thiamine in Urine by 
Fermentation Method 



Urino I 

! 

Urino II 

24 hr. urine diluted to, ml 

2000 

2000 

Total fermentation vitamin Bi (in thiamine equiva- 


1 

1 

lents) , 7 • 

700 

2000 

Fermentation vitamin Bi in a 4 ml. aliquot, 7 

1.4 

4.0 

Residue after oxidation of 4 ml. aliquot, 7 

1.1 

1.4 

“ “ " “ 4 “ “ + 10 Y thi- 



amine, Y 

2.4 

2.9 

Efficiency of oxidation (calculated from above), % 

87 

85 

Total residue after oxidation (not corrected for efl5- 



cienev)* y 

550 

700 

Total residue after oxidation (corrected), 7 

528 

471 

Total thiamine (true Bi), y 

172 

1529 


Table II 


Total Daily Output by Fermentation and Rat Growth Methods 


Sub- 

ject 

No. 

Urine composite 

Diet 

Total 
vitamin 
Bi equi- 
valents. 
Fer- 
menta- 
tion 
method 

True vitamin 
Bi 

Differ* 

ence 

between 

methods 

Fer- 

menta- 

tion 

method 

Rat 

growth 

method 





7 

7 

7 

percent 

1 

Sept. 

7-10 

Normal 

806 

498 

498 

0.0 

2 

<< 

7-10 

Cf 

848 

342 

400 

“1-16.9 

3 

rc 

7-10 

ff 

1020 

mm 

750 

-fl9.0 

4 

tt 

7-10 

ff 

942 


616 

-6.7 

5 

tt 

7-10 

ff 

853 

427 

475 

■{“11.2 

6 

tt 

7-10 

\ 

854 


507 

0.0 

4 

C( 

24-27 

2100 7 thiamine per day 

1856 

1195 

1352 

-1-13.1 

5 

if 

24r-27 

2100 ‘‘ 

1748 


1173 

-8.4 

6 

If 

24-27 

2100 ** 



1359 

-10.0 


related to thiamine is obtained as the difference between total 
fermentation vitamin Bi and the true vitamin Bi and is most 
conveniently expressed in micrograms of thiamine equivalent. 
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SmniARY 

A method is described for the rapid determination of the true 
vitamin Bi content of urine. 

The content of thiamine breakdown products in the urine 
which are still active in the fermentation test is also determined 
by this method. 

The method depends on the oxidative inactivation of the thi* 
amine molecule by alkaline ferricyanide and the determination 
of vitamin Bi by fermentation before and after oxidation. 

The efficiency of the inactivation is determined by the pro- 
portion of a superimposed quantity of thiamine which is inac- 
tivated in a parallel test. 

Comparison of the results with the results of rat growth tests 
shows a satisfactory agreement. 
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THE EFFECT OF ADRENALECTOMY ON THE 
PHOSPHORYLATION OF VITAMINS 
Bi AND B2 

By JOSEPH W. FERREBEE 

(From the Departments of Medicine and Neurology f College of Physicians 
and Surgeons, Columbia University, and the Neurological Insliiute, 

New York) 

(Received for publication, August 3, 1940) 

Verzdr, Hubner, and Laszt (1) reported that livers of adrenal- 
ectomized rats contained less \dtamin B2 than livers of normal 
rats and that the \itamin Tvas more easDy removed by dialysis 
than was the case with normal animals. On the basis of this 
experiment they inferred that adrenalectomy interferes with the 
phosphorylation by which riboflavin is attached to the protein com- 
ponent of the yellow respiratory enzyme. Recently Laszt has 
apparently come to similar conclusions regarding vitamin Bi (2). 
The following experiments were undertaken to obtain more infor- 
mation concerning the effect of adrenalectomy upon the phos- 
phorylation of \dtamins Bi and B2. 

Methods 

Young male white rats of the Wistar strain weighing 80 to 100 
gm. were adrenalectomized bilaterally under ether anesthesia, by 
lumbar approach. Sham operations were performed on some of 
the litter mate controls. Five litters, twenty-one animals, were 
maintained following operation on a 10 per cent glucose solution 
containing approximately 10 y of thiamine and 5 7 of riboflavin 
per cc. of solution. During the 1st postoperative week this solu- 
tion also contained 1 per cent sodium chloride and 0.5 per cent 
sodium bicarbonate. Four litters, twenty-one animals, were 
placed on a low potassium diet and given sodium chloride in their 
drinking water during the 1st postoperative day. 

Within a few days after salt treatment was stopped, symptoms 
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compatible with adrenal insufficiency developed in all adrenal- 
ectomized animals: cold extremities, weakness, anorexia, weight 
loss. Several animals died wth these symptoms, others were 
killed by decapitation at various stages of insufficiency, and in 
conformity with the symptoms of adrenal insufficiency, the adre- 
nalectomized animals were found to bleed much less than the 
controls. No adrenal tissue was found on gross examination at 
autopsy nor was any evidence found that death was due to 
causes other than adrenal insufficiency. 

. After the animals were killed, approximately 2 gm. samples of 
liver and kidney were weighed out as quickly as possible and 
ground to as near the same dispersion as possible in an ice-packed 
mortar. The tissue mash for dialysis was immediately suspended 
in 150 cc. of ice-cold distilled water and placed inside previously 
tested cellophane sacs suspended in cylinders containing 450 cc. 
of ice-cold distilled water. In a few experiments the tissues were 
dialyzed against 0.02 m phosphate buffer at pH 7.4 without essen- 
tial difference in the results. A difference of pressure of 8 cm. of 
water was secured between the inner and outer fluids by creating 
a partial vacuiun over the outside fluid. This difference in pres- 
sure kept the sacs well distended and made it easier to keep the 
tissue suspension well agitated by a continuous stream of washed 
air bubbles passed in from the compressed air line. The whole 
dialyzing system was immersed in ice water at 5°. 

For determining the total amount of vitamin Bo present before 
dialysis, duplicate samples of ground tissue were suspended in 
0.03 M acetate buffer at pH 4.5, approximately 50 cc. per gm. of 
tissue, and the vitamins extracted by heating at 95° for hours 
in the dark. The tissue suspensions in the cellophane sacs were 
similarly buffered and extracted following dialysis. The coagu- 
lated and extracted tissue was removed by filtration and 1 cc. of 
10_ per cent taka-diastase in 0.03 m acetate buffer was added to 
the filtrates which were then incubated overnight at 37°. A second 
extraction of the cooked tissues with hot acetate buffer for 1|- hours 
yielded 5 to 10 per cent as much vitamin as that obtained in the 
first extraction. Duplicates of the first extraction differed by 
5 to 10 per cent. The blank for the vitamin content of the taka- 
diastase solution was negligible. 

The amount of vitamin removed by dialysis was determined by 
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subtracting the amount of vitamin found in the dialyzed sample 
from the amount of vitamin found in the undialyzed sample on 
the basis of micrograms of vitamin per gm. of fresh tissue. The 
amount 'of vitamin removed by dialysis was also determined by 
measurement of the B 2 fluorescence in the dialysate. This meas- 
urement agreed well with the measurement obtained by the dif- 
ference between the vitamin contents of the dialyzed and un- 
dial 3 "zed tissues. 

Vitamin B^ was estimated in the incubated extracts by a direct 
measurement of fluorescence similar to that described for urine 
ritamin B: determinations (3). On irradiation with blue light 
the incubated extracts gave an apparently pure greenish yellow 
riboflavin fluorescence quite different from the milky opalescence 
obtained when unincubated tissue extracts were irradiated. The 
standard values for riboflavin fluorescence in 0.03 m acetate buffer 
could be used in the calculations of \ritamin Be concentrations, 
since very little correction was required for the slight difference 
between the optical density of the incubated extracts and the 
optical density of the pure buffer. Permanganate oxidation has 
never seemed to make the slightest difference in the \ritamin B 2 
fluorescence readings in these extracts and is now usually omitted 
as is also the test for B 2 fluorescence which involves h^qDOsulfite 
reduction and reoxidation with atmospheric O 2 . These procedures 
do not appear to contribute to the specificity of the ^ritamin B 2 
determination under the circumstances of these experiments. 

The amount of phosphorylated ritamin Bi in the tissue extracts 
was estimated by determining the Bi content of the tissue extracts 
before and after their incubation with taka-diastase, 1 gm. of 
potassium chloride was added to a 5 cc. aliquot of extract, and 
followed by 3 cc. of an alkali-ferric^^anide mixture and 13 cc. of 
isobutanol. The thiochrome formed was immediately shaken out 
into the isobutanol and its fluorescence measured as described by 
Hennessey and Cerecedo (4). Blanks were run in some instances 
but can be omitted, particularly since they are close to the butanol 
blank. Before incubation almost all the \dtamin Bi of liver and 
kidney is phosphorylated if the tissues have been kept cold during 
the grinding and then quickly coagulated in the hot extracting 
buffer. Because phosphorylated vitamin Bi (cocarboxylase) and 
its oxidation product, phosphorylated thiochrome, are only slightly 
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soluble in isobutanol, very little fluorescence appears in isobutanol 
extracts made from unincubated tissue filtrates. The increase in 
isobutanol-extractible fluorescence which follows taka-diastase 
incubation represents the amount of vitamin Bi which was 
originally present in the tissue extract in a phosphorylated form. 

Results 

Effect of Adrenalectomy upon Concentration of Vitamins Bi and 
Bz in Rat Liver and Kidney — The data of Tables I to IV indicate 
that adrenalectomy did not affect the concentration of vitamins Bi 

Table I 

Effect of Adrenalectomy upon Vitamin Bi in Rat Livers 
The animals were maintained on a solution of glucose and vitamins Bi 
and Bz. 


Operation 


Per cent removed. 
48 hr. dialysis 

None 

1 

y 

27 

60 ± 10 

Unilateral adrenalectomy 

24 

60 ± 5 

Bilateral 

25 

50 ± 5 



4 hr. dialysis 

Sham operation 

15.5 

15 ± 5 

i( it 

16.3 

18 

Bilateral adrenalectomy 

17.3 

11 ± 3 

ti (t 

23 

17 

ti tt 

26 

18 


and Bj in the liver and kidney. No correlation could be found 
between the clinical condition of the animals and the concentra- 
tion of vitamins in their tissues. An animal moribund with 
adrenal insufficiency might have as much vitamin in its liver and 
kidneys as a normal animal. Among the animals of Table I, 
which received vitamin in their drinking water, the concentration 
of vitamin Ba in the livers of the adrenalectomized animals was 
actually greater than it was in the control animals. Considerable 
variation in vitamin Ba concentration was found among the ani- 
mals of Table IV but the variations were of the same order of 
magnitude in both the normal and the adrenalectomized group. 
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Effect of Adrenalectomy on Removal of Vitamin Bz from Eat 
Livers hy Dialysis — Two litters of animals maintained on a solution 
of glucose, salt, and vitamins Bi and were used in the first part 
of this experiment (see “Methods”). In Fig. 1 the results of several 



Fig. 1. Dialysis of vitamin B; from livers of normal and adrenalec- 
tomized animals. The ordinate represents the total vitamin Bj removed 
by dialysis, measured in micrograms per gm. of fresh tissue; the abscissa, 
the duration of dialysis in hours. The outer fluid was changed at each of the 
time intervals indicated on the abscissa. Curve A represents the Vitamin 
B2 dialyzed out of 1 gm. of fresh normal rat liver at 5° in 4 hours; Curve B, 
the amount dialyzed under similar conditions from a suspension to which 50 
7 of synthetic riboflavin had been added ; Curve C, the progressive dialysis of 
riboflavin from 3 gm. of ground normal rat liver containing 81 7 of vitamin 
Bs; Curve D, a similar curve for dialysis of riboflavin from 2 gm, of liver 
taken from a unilaterally’ adrenalectomized animal ; Curve E, a similar curve 
obtained with 1.8 gm. of liver from a completely adrenalectomized animal. 
The lines meeting at point F represent the dialysis of vitamin from fresh 
liver mashes of two adult rats, one normal and the other adrenalectomized 
bilaterally 9 days before the dialysis. 


dialysis experiments are presented. Cmv^e A indicates that the 
amount of vitamin B 2 which can be dialyzed out of 1 gm. of groimd 
fresh normal rat liver at 5° in 4 hours is very slight, 2 y or about 
10 per cent of the total amount present. Curve B indicates that 
the same length of time and under similar conditions of dialysis 
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28 7 of riboflavin can be dialyzed from a similar liver suspension 
to which have been added 50 7 of synthetic riboflavin. This 
represents a dialysis of approximately 50 per cent (28 — 2 or 
26 7 out of 50 7) of the riboflavin known to be present in this 
tissue suspension in a freely dialyzable form. 

Cmve C represents the progressive dialysis of riboflavin from 
3 gm. of ground normal rat liver containing 81 7 of vitamin Bo. 
The points on the curve indicate the amount of riboflavin removed 
at the various time intervals of the experiment. Curve D is a 
similar curve for the dialysis of riboflavin from 2 gm. of liver taken 
from a unilaterally adrenalectomized animal. Curve E represents 
the dialysis of riboflavin from 1.8 gm. of liver taken from a com- 
pletely adrenalectomized animal in good condition. The two lines 
meeting at point F represent the dialysis of vitamin from fresh 
liver mashes of two adult male rats that were maintained on a 
stock diet with added NaCl. One of these animals was normal; 
the other had been adrenalectomized bilaterally 9 days before the 
dialysis experiments were performed. 

It is evident from Fig. 1 that adrenalectomy does not affect the 
shape of the dialysis curves. However, it is well to point out that 
this type of dialysis experiment, although suitable for comparative 
work, furnishes only presumptive information concerning the 
extent to which riboflavin is phosphorylated in vivo. There is no 
early break in Curves C to F to distinguish riboflavin which is free 
ante mortem from riboflavin which may be liberated by autolytic 
dephosphorylations, and since the slope of these curves is quite 
different from that of Curve B, it is entirely possible that part of 
the riboflavin in the 48 hour dialysates may have come from the 
slow postmortem breakdown of macromolecular compounds con- 
taining this vitamin. 

In Table I are summarized the results of these experiments and 
others in which dialysis was continued for only 4 hours to minimize 
the effect of autolysis. The amount of riboflavin found in the 
dialysate after 4 hours was between 14 and 20 per cent of the 
total, independently of whether the animals had a sham opei’ation 
or were completely adrenalectomized, and independently of whether 
they were in good condition or weak with adrenal insufficiency. 

Effect of Adrenalectomy upon Phosphorylation of Vitamin Bi in 
Rat lAver and Kidney — The experiments summarized in Tables II 
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and in demonstrate that adrenalectomy has no significant effect 
upon the percentage of the total vitamin Bi which is found unphos- 

Table II 


Effect of Adrenalectomy vpon Vitamin Bi in Rat Livers 


Diet 

Operation 

Vitamm Bi 
content per 
gm. fresh 
tissue 

Per cent 
removed 
by 43 hr. 
dialysis 

Low potassium 

Sham operation 

T 

3.7 

45 


if it 

3.6 

45 


it if 

2.9 

2S 


Bilateral adrenalectomy 

4.8 

48 


it if 

4,7 

53 


it it 

4.1 

27 

Low potassium, with vita- 

None 

12 

Percent 
not phoe- 
phorylated 
(taka-dia- 
stase 
method) 

14 

min Bj (5-10 y per cc.) 

(( 

IS 

9 

in drinking water 

ft 

22 

10 


it 

51* 

25 


Unilateral adrenalectomy 

18 

7 


Bilateral “ 

13 

15 


(1 ff 

12 

11 


it n 

10 

14 


it it 

56* 

19 

Solution of glucose, and 

None 

S 

Per cent 
not phos- 
phorylated 

15 

vitamins Bj and B* 

(( 

S 

7.5 


it 

8 

7.5 


Unilateral adrenalectomy 

11 

27t 


Bilateral “ 

14 

12 


it it 

14 

10 


it it 

7 

20 


tt ft 

14 

11 


tt if 

5 

10 


tt it 

15 

5 


* Animal killed 40 minutes after a subcutaneous injection of 1 mg. of 
vitamin Bj. 

t Tissue allowed to stand several hours in the ice box. 
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Table III 


Effect of Adrenalectomy xi'pon Vitamin Bi in Rat Kidneys 
The animale were mairitaiued oa a solutiou of glucose and vitamins Bi 
and B2. 


Operation 

Vitamin Bi content, 
per gm. fresh tissue 

Per cent not 
phosphorylated 

None 

Y 

5 

24 

ti 

9 

8 


8 

18 

Bilateral adrenalectomy 

5 

24 

n a 

8 

9 

ft (( 

9 

8 

it it 

6 

40* 




* Animal found dead. 


Table IV 

Effect of Adrenalectomy upon Concentration of Vitamin Bi, in Rat Liver 

and Kidney 


The animals were maintained on a low potassium diet without added 
vitamins but with added salt during the first 3 postoperative days. 


Operation 

Liver 

Kidney 

Bays post- 
operative 

Concentra- 
tion of 
vitamin Bj 
per gm. 
fresh tissue 

Days poet- 
operative 

Concentra- 
tion of 
vitamin Bj 
per gm. 
fresh tissue 



T 


y 

Sham operation 

7 

43 

7 

36 

ti it 

7 

40 


23 

it tt 


19 


30 

it it 


20 


30 

tt (t 


18 


20* 

Bilateral adrenalectomy 

7 

33 

' 7 

40 

tt tt 


25 

7 

32 

it tt 


16 


17 

it it 




15 

tt tt 




21* 

it tt 




22* 


* Animals maintained on a stock diet. 


phorylated in extracts of rat liver and kidney. A comparison of 
the data of Table II indicates that the adrenalectomized rat is 
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well able to phosphorylate and store vitamin Bi added to its 
basal ration. In \’iew of what has been said about the difficulty 
of interpreting dialysis experiments it is significant that the per- 
centage of vitamin Bi removed by 48 hours dialysis was con- 
siderably greater than the percentage found unphosphorylated in 
fresh tissue extracts. 


DISCUSSION 

In a series of publications Verzdr and his coworkers have pre- 
sented experimental e\’idence which they interpreted as indicating 
that the cortex of the adrenal gland has some specific control over 
the phosphoiydations involved in the utilization of glucose^ fat, 
vitamin Bi, and ^dtaniin B^. They demonstrated impairment of 
fat and carbohydrate absorption in adrenalectomized animals and 
interpreted this finding as being related to a failure of phos- 
phorylation in the intestinal mucosa (5, 6). They were able to 
maintain adrenalectomized rats with phosphoiydated ^dtamin Bs 
but not vith the unphosphorylated ^dtamin and inferred from this 
obser^’ation that a corticoadrenal hormone controls the phos- 
phoiydation of ^ibofla^nn which makes possible the formation of 
yellow respiratory ferment (7). In substantiation of this \’iew 
the}" presented evidence that the concentrations of 'vdtamin Bi 
and vitamin B 2 are less in the livers of adrenalectomized rats than 
in the livers of normal rats and that the ratio of phosphorylated 
to imphosphorylated \dtamin is considerably decreased following 
adrenalectomy (1, 2). 

Unfortunately experimental confirmation of this attractive hy- 
pothesis relating corticoadrenal function with phosphorylation (8) 
does not appear to be forthcoming. Deuel, Althausen, Barnes, and 
their coworkers have suggested that the impairment of fat and 
carbohydrate absorption observed by Verzar was due to shock 
and dehydration rather than specific lack of cortical hormone. 
In their experience (9-11) the absorption of fat and carbohydrate 
was normal when the adrenalectomized animals were given enough 
salt to prevent circulatory collapse. Moreover, Nelson (12) has 
found that phosphorylated riboflavin does not increase the survival 
tune of completely adrenalectomized animals^ and the experiments 

' It is Bignificant that both Verzdr and Pijoan (13) found cortical tissue 
lu the animals whose survival time they reported as increased by the 
administration of phosphoflavin (Pijoan, M., personal communication). 
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of the present paper indicate that the phosphorylation of both 
vitamin Bi and vitamin B 2 is essentially normal following 
adrenalectomy. 


SUMMARY 

1. The phosphorylation of vitamins Bi and B 2 is essentially 
normal in adrenalectqmized rats. 

2. The arguments against Verzdr’s thesis that adrenalectomy 
interferes with phosphorylation are briefly discussed. 
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NICOTINIC ACID DERIVATIVES IN HUMAN URINE AND 
THEIR DETERMINATION* 


By WILLUM a. PERLZWEIG, EDWARD D. LEVY, 

AXD HERBERT P. SARETT 

(From the Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina) 

(Received for publication, August 8, 1940) 

This communication deals with a method of determination of 
nicotinic acid and its derivatives in human urine only, and with 
the application of the method to the study of the excretion of 
these substances in the urine normally and after the ingestion of 
nicotinic acid b}’’ human subjects. 

We were led to the elaboration of the proposed method because 
we failed to obtain reproducible and concordant results with the 
methods (1-9) published since the discovery of the vitamin 
activity of nicotinic acid in 1937 (10). The difficulties we en- 
countered may be grouped as foUows: 

The varying conditions of preliminary hydrolysis with acid did 
not insure complete hydrolysis of the known nicotinic acid deriv- 
atives to nicotinic acid, and with alkaline hj-drolysis yielded 
much higher and variable values. 

The other methods failed to take into account the presence in 
the urine of substances interfering with the final color reaction 
and of other extraneous pyridine derivatives, especially in smok- 
ers’ urines. 

* Part of the data of this article is taken from a thesis presented by 
Edward D. Levy in partial fulfilment of the requirements for the degree of 
Master of Arts in the Graduate School of Arts and Sciences of Duke Uni- 
versity, June, 1940. 

A preliminary report was made by the authors before the meeting of the 
American Society of Biological Chemists at New Orleans (Proc, Am. Soc. 
Biol. Chem., J. Biol. Chem., 133, p. Ixxiv (1940)). 

Aided in part from a grant to Dr. W. J. Dann for studies on pellagra 
made by the John and Mary R. Markle Foimdation. 
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Decolorization of urine without loss of nicotinic acid presented 
a difficult problem. 

In those methods in which decolorization was not employed, 
and the nicotinic acid content was estimated by extrapolation 
of values obtained from added known amounts of nicotinic acid, 
the extraneous amount of color in the original urine was so great 
that small errors in its determination led to very large errors in 
the relatively low calculated or extrapolated values. 

The problem of the correction by any appreciable blank value 
due to the urinary pigments or of those arising during the manipu- 
lations is particularly formidable. No true blank value could be 
found by the omission of one or the other of the two color-produc- 
ing reagents, since the pigments themselves apparently react to 
modify the nicotinic acid color. 

Method 

Reagents — 

Concentrated acids, HCl, HNO3, H3PO4. 

12 N KOH solution. 

Lloyd’s reagent. 

0.5 N KOH solution. 

0.2 N H 2 SO 4 solution. 

Pb(N 03 ) 2 , powdered. 

KsP 04 , powdered. 

CNBr reagent, saturated bromine water (3.4 per cent at 20°) 
prepared by shaking excess of bromine in a bottle for 2 hours, 
and kept in the refrigerator. Titrate a portion in ice water with 
freshly prepared 10 per cent NaCN of highest purity^ to complete 
disappearance of the yellow color, avoiding an excess. 

p-Methylaminophenol sulfate, a freshly prepared, saturated 
(about 5 per cent) solution of Eastman Kodak Elon in water. 

Determination of “Total” Nicotinic Acid (Exclusive of Trigonelline) 

Either freshly voided or toluene-preserved urine kept in the 
refrigerator is used. 20 ml. of urine with a specific gravity of 
about 1.020 are just neutralized (pH 8.0 to 8.5) to phenolphtha- 
lein with KOH solution, and evaporated to a thick syrup on a 
steam bath. This is transferred with 4 ml. of water and 6 ml. 

‘ KCN is apt to give difficulties because of impurities. 
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of concentrated HCl to a 100 ml. Kjeldahl flask; 0.25 ml. of con 
centrated HNO3 is added, also a few quartz chips, and boiled gently 
over a small flame of a microburner for 60 minutes, with a '‘cold 
finger^^ or Hopkins condenser. Care must be taken in the be- 
ginning until the foaming stops. Charring and darkening occiir 
at first, but after 10 to 15 minutes the solution becomes light 
yellow. After cooling, the solution is made up to 20 ml. with 
water in a narrow 25 ml. graduated glass-stoppered cylinder. 

15 ml. of this are transferred to a beaker, partially neutralized 
with 2 ml. of 12 n KOH, cooled, and adjusted to pH 1 vdth the 
glass electrode (or external indicator — methyl violet). 2 gm. of 
Lloyd’s reagent are placed in a 22 X 175 mm. P^Tex test-tube 
previously graduated to contain 15 ml. of liquid in addition to the 
2 gm. of Lloyd’s reagent. The acid solution is transferred to this 
tube, being washed in with 0.2 x H^SO^ from a wash bottle. 
The tube is now closed with a rubber stopper and shaken rather 
vigorously a few times, the gas pressure released, and the tube 
is then shaken for at least 1 minute by inversion. The stopper 
and sides of the tube are washed down with 0.2 n H 2SO4, the 
tube centrifuged briefly, and the clear supernatant fluid is de- 
canted and discarded. The Lloyd’s reagent sediment is washed 
twice by shaking with about 5 to 10 ml. of 0.2 x H2SO4 and cen- 
trifugation. After the last washing is decsmted, 8 ml. of 0.5 x 
KOH are added and shaken for 1 minute with the Lloyd’s reagent 
for elution, water is added to the 15 ml. mark, and the contents 
are mixed and centrifuged. The colored supernatant fluid is 
decanted into an ordinary Pyrex test-tube, 0.6 gm. of powdered 
Pb(N03)2 is added, and the contents shaken; if the supernatant 
solution is too highly colored, 2 drops of concentrated NH4OH are 
added, and the tube is shaken and centrifuged. The supernatant 
fluid is now of a light yellow or amber color. The excess of lead 
is removed by the addition of a pinch (0.2 gm.) of K3PO4 to al- 
kalinity and centrifuging off the precipitate after 5 to 10 minutes. 

Color Development — ^This is an adaptation of Bandier and Hald’s 
method (4, 5). Two aliquots of 5 ml., representing 5 ml. of the 
original urine, are measured into small beakers, adjusted with 
6 X H3PO4 to pH 4.5.^ The solutions are transferred with a few 

* We use a glass electrode, but an external indicator may be xised with a 
standard buffer control for comparison. 
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ml. of water to Evelyn colorimeter tubes graduated at 20 ml. 
A standard solution containing 10 7 of nicotinic acid adjusted 
to pH 4.5 with H3PO4 is also set up in another tube, as well as a 
tube containing 100 mg. of KH2PO4 in water as a reagent blank. 
Of each pair of the tubes containing urine extracts one is kept for 
a control, while the other tube and those containing the standard 
and reagent blank are treated as follows; The tubes are immersed 
in a water bath at 75-80° for 5 minutes. 1 ml. of the freshly 
prepared CNBr solution is added to each of the tubes and they 
are kept in the bath 5 minutes longer. The tubes are cooled by 
immersion in ice water. 10 ml. of the Elon solution are added, 
the solutions diluted to the 20 ml. mark, mixed by inversion, 
and the tubes are placed in a dark cupboard for 1 hour, when they 
are read in the usual way in the Evelyn photoelectric colorimeter 
with the No. 400 filter; the galvanometer was set at 100 with the 
reagent blank tube. 

The controls are merely diluted to the 20 ml. mark with water 
including 0.18 ml. of 2 n H 2SO4 and are read with the same filter, 
the galvanometer being set at 100 with a tube containing water. 
The L values of the controls as given on the chart accompanying 
the colorimeter are subtracted from the values of the correspond- 
ing solutions in which the color was developed. The calculations 
are made from the value obtained with the standard solution. 

Determination of Trigonelline 

This procedure is based on our previous observation (11) that 
trigonelline, heated with strong alkali in the presence of ammonia 
(urea), yields a substance which gives a color identical with that 
of nicotinic acid and amounting to 70 per cent of the theoretical 
conversion under optimal conditions. 

Test-tubes each containing 300 mg. of urea and 1.3 ml. of 12 
N KOH solution and covered with small funnels are immersed 
for 5 minutes in a water bath in a beaker maintained at 75-80° 
on an electric hot-plate. Then 1.00 ml. aliquots of the HCl- 
HNO3 hydrolysates prepared above are pipetted into the tubes, 
and the contents are mixed. The tubes are covered and left in 
the 75-80° bath for 45 minutes. The contents are washed into 
small beakers, with about 8 to 10 ml. of 0.2 n H2SO4. The solu- 
tions are brought to pH 1 (glass electrode) with about 1.5 to 
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2.0 ml. of concentrated HCl, and the further adsorption on and 
elution from Lloyd's reagent and all subsequent manipulations 
are exactly as given above for the acid-hydrolyzable derivatives. 
When 5 ml. aliquots are used for the color analysis they reprpsent 
0.33 ml. of the original urine, and the blank values are so small 
that they can be omitted and neglected. The values obtained in 
this color analysis include the above nicotinic acid derivatives 
determined after strong acid hj^drolysis plus 70 per cent of nico- 
tinic acid color yielded by the trigonelline in the alkaline hydroly- 
sis. After the acid-hydrolyzable nicotinic acid is subtracted, 
the remainder is multiplied by the factor 100/70 to give trigonel- 
line as nicotinic acid. This latter value, if desired, is converted 
into terms of trigonelline itself by the use of the factor 1.11 which 
represents the ratio of gm. molar equivalents of the two sub- 
stances, 137:123. 

Discussion of Methods 

Acid Hydrolysis — From Ackermann’s data (12) obtained on 
feeding nicotinic acid to dogs it was reasonable to suspect that 
human urine might, in addition to nicotinic acid, also contain the 
glycine conjugate (nicotinuric acid) and trigonelline; ob\dously 
the presence of free nicotinamide or coenzyme might also be 
expected. As far as it is known, of these four substances only 
trigonelline was actually isolated and identified by Linneweh 
and Reinwein (13) in normal human urine. These authors iso- 
lated 0.42 gm. of trigonelline from 40 liters of normal human 
'irine from subjects using coffee, tea, etc., and 0.014 gm. from 
11 liters of the urine of subjects who abstained from these sub- 
stances. 

We first studied, therefore, the conditions required for the 
complete hydrolysis of nicotinamide and of nicotinuric acid. In 
the case of the amide it was found that 1 hour's heating in a 
boiling water bath in the presence of 1 n HCl or 1 n KOH re- 
sulted in complete hydrolysis as indicated by the yield of the 
theoretical amount of nicotinic acid measured by any of the 
colorimetric procedures employed. In the case of the nicotinuric 
acid the behavior in this respect was quite different. Although 
relatively mild treatment with alkali, heating for 1 hour with 1 
^ KOH at 100°, gave complete hydrolysis, nicotinuric acid is 
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remarkably resistant to treatment with strong acid. It required 
quite vigorous boiling with 5 n HCl for 1 hour to obtain complete 
hydrolysis. In this respect the behavior of nicotinuric acid is 
very similar to that of hippuric acid (14). 

Since there are reasons to believe that a considerable portion of 
the nicotinic acid is excreted in the form of nicotinuric acid, as 
will be shown below, it becomes obvious that one must employ a 
hydrolysis procedure either with at least 1 n alkali at 100° or with 
very strong acid at a higher temperature. The objection to the 
use of alkali here lies in our previously described observation (11) 
that when trigonelline is heated in an alkaline solution in the 
presence of ammonia it is transformed into a substance behaving 
like nicotinic acid, the yield of the latter depending upon the 
conditions. 

We have found by extensive study of the conditions (concentra- 
tion of reactants, temperature, and time) that heating at 75-80° 
for 45 minutes in 6 N KOH in the presence of urea gives an op- 
timum conversion of trigonelline, amounting to 65 to 75 per cent 
of the nicotinic acid equivalent. In those methods for nicotinic 
acid in which alkaline hydrolysis is recommended variable amounts 
of trigonelline will be converted in this manner, and the nicotinic 
acid values will be erratically raised. 

We, therefore, must depend upon the strong acid hydrolysis 
for the determination of what we designate as "total” nicotinic 
acid, including nicotinamide and nicotinuric acid, but exclusive 
of trigonelline. 

For the determination of trigonelline in urine the initial acid 
hydrolysis is necessary to destroy interfering substances. Direct 
hydrolysis with 6 n KOH always yielded lower initial values and 
has given poor recoveries of added trigonelline unless subjected 
to the preliminary acid hydrolysis. 

The data in Table I illustrate this point. 

Decolorization and Removal of Interfering Substances — It was 
soon discovered that the problems of reproducibility of results, 
of proportionality of values when varying amounts of urine were 
taken for analysis, and of the recovery of added nicotinic acid 
(of the amide, nicotinuric acid, or of trigonelline) depended in the 
final analysis upon the successful removal of the colored substances 
and pigments either initially present in the urine or those which 
arise during the heating with acid and alkali. 
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The expedient of decolorization with charcoal first proposed by 
Vilter ct ah (2) and by Swaminathan (7) did not yield in our 
hands satisfactory^ results. We have not been able to discover 
a single kind or brand of charcoal which did not remove variable 
amounts of nicotinic acid from pure aqueous solutions at pH 
values varying from 1 to 10 and at varying temperatures from 20- 
100®. Neither did the recently proposed method of Melnick and 
Field (9) in which charcoal is used in a medium containing 40 
per cent alcohol and 2 n HCI permit us to recover the initially^ 
present nicotinic acid in pure solutions or in urine. Other ad- 
sorbing media were tried, including commercial varieties of benton- 
ite, franklinite, kaolin, alumina, etc., with no better success. 
In fact, it was found that nicotinic acid is adsorbed very readily 


Table I 

Need for Preliminary Acid Hydrolysis in Trigonelline Determination 

in Urine 


Hydrolj'sis (0.33 ml, urine) 

Added trigonelline 

L value 

TrigonelUnc 

recovered 

. . 

6 N KOH (+ urea) 

T 

0 

■■ 

y 

6 “ + “ 

8 


2 

5 “ HCI followed by 6 N 

0 



KOH (+ urea) 

<1 (( 

8 

0.349 

8.8 


on all sorts of surfaces. It was for this reason that we avoid 
filtration through paper at any step in our proposed procedure, 
and use centrifugation instead. 

From our adsorption studies it evolved that all of the nicotinic 
acid derivatives in concentrations dealt with in this work, and in- 
deed aU pyTidine derivatives which were available to us, are quan- 
titatively adsorbed on Lloyd’s reagent at relatively high H inn con- 
centrations, pH 1 or less. Furthermore, the adsorbed substances 
on the Lloyd’s reagent can be washed repeatedly vdth dilute acid 
without any’' loss and can be recovered completely^ and readily^ by’’ 
elution with dilute alkali solution. This obser\'ation proved to 
be of great advantage, in so far as it permitted us to isolate the 
pyridine derivatives from the large excesses of salts, inorganic 
acids, and of many^ organic substances. 
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It must be noted, however, that only a part of the pigments of 
the hydrolyzed or unhydrolyzed urine can be removed and washed 
out by this procedure; a relatively large proportion is adsorbed on 
Lloyd’s reagent in acid and is eluted again by alkali. Of these 
residual pigments all but traces can be removed by the subsequent 
treatment with Pb(N03)2 described above. We found, however, 
that 1 hour of boiling of the solids of 20 ml. of urine in 4 to 6 n 
HCl resulted in so large an amount of carbonaceous matter and of 
almost black (melanin-like ?) pigments that combining both of 
the above procedures with Lloyd’s reagent and lead salts still 
yielded very dark colored solutions, and consequently high blank 
values. This led us to attempt to intensify the oxidizing action 
of the HCl by the addition of small amounts of nitric acid. The 
presence of 0.25 ml. of concentrated HNO3 or of the corresponding 
amount of any nitrate yielded readily very clear solutions with 
relatively little color, most of which was removed by the subse- 
quent Pb salt treatment. This amount, 0.25 ml., of concentrated 
HNO3 is sufficient to oxidize the pigments without loss of nico- 
tinic acid as measured by recovery, whereas the use of larger 
amounts of HNO3 results in progressively increasing destruction 
of nicotinic acid. 

The final solutions are not entirely colorless; a tinge of yellow 
always persists in the acid hydrolysate. The blank correction 
value due to this color is, under our conditions, relatively small. 
After the development of the nicotinic acid color in a 5 ml. sample 
of urine subjected to acid hydrolysis and containing 5 to 10 7 
of nicotinic acid the absorption (L) value amounts to 0.120 to 
0.250. The blank correction value for the same samples varies 
between 0.020 and 0.050, on the average 20 to 30 per cent of the 
color due to nicotinic acid. When the urine is not decolorized 
at all, as in the extrapolation procedure of Harris and Raymond 
(8), the blank value may amount to twice or 5-fold that due to 
nicotinic acid. In the original Bandier and Hald (4) procedure 
in which acetone extraction of the nicotinic acid is employed the 
blank color correction with urine is at least as great as the color 
due to the nicotinic acid. This is also true of the values given by 
Melnick and Field (9) for the only urine analysis quoted in their 
tables. It is obvious that a high correction value will tend to 
diminish the accuracy and reproducibility of results, even though 
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in a single run good recover}^ of added standard material may be 
secured. This is particularly true when, as in this case, the 
interfering pigments themselves react chromogenically with such 
active reagents as CNBr. We have not perfected a complete 
solution of this problem, but merely offer a procedure calculated 
to reduce this source of error to a minimum. 

Color Reaction — The Konig reaction (15) for pyridine deriva- 
tives vdih CNBr and an aromatic amine has been employed hy 
most of the recent authors for nicotinic acid determinations and 



I'lG. 1. Absorption curves of colors produced by the Bandier and Hald 
reaction with nicotinic acid derivatives and with nicotine. Coleman 
regional spectrophotometer, 15 m;i slit. 


has been shown to be more suitable than the A^ongerichton 7?-dini- 
trochlorobenzene reaction (16). After testing the various amines 
suggested by the pre\dous investigators we have found the reac- 
tion with p-aminomethylphenol sulfate as employed by Bandier 
and Hald (4) to be the most desirable for the following reasons. 

1. The color reaches a maximum in about 40 minutes and re- 
mains stable for several homs in the dark. 

2. It is sensitive to nicotinic acid, 5 y in our procedure gi^ring 
an absorption value with the No. 400 filter of 0.105 to 0.115, and 
hence is easily determined. Bandier and Hald in reading the 
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color in a stnfenphotometer use a No. S-43 filter with maximum 
transmission at 430 m/n. We found, as is seen in Fig. 1, that the 
absorption maximvun of the nicotinic acid color is at 400 m/x. 

We have accordingly chosen the No. 400 Evelyn filter. We 
have thereby not only increased the sensitivity greatly but also 
gained reliability of values in reading the color at the minimum 
value for the slope of its absorption curve. 

3. Other pyridine derivatives give a relatively low intensity 
of color with this reaction in the following approximate propor- 
tions! nicotinic acid 1.0, nicotinamide 0.5, nicotinuric acid 0.2, 
nicotine 0.1, and methyl pyridinium hydroxide 0. 

These last relations make this reaction particularly suitable for 
the determination of the small amounts of nicotinic acid in the 
presence of the relatively large amounts of pyridine derivatives 
in smokers’ urine. This is borne out by the following data. 

Urine from a heavy smoker and from a tobacco chewer was 
evaporated and extracted exhaustively with benzene and the 
nicotinic acid derivatives determined by the above procedure 
before and after extraction. The figures obtained were 1.75 
(smoker) and 1.1 7 per ml. (tobacco chewer) for unextracted 
samples and 1.70 (smoker) and 1.0 7 per ml. (chewer) for ex- 
tracted samples. In both of these cases the benzene extracts 
were transferred to an aqueous acid phase and when tested by the 
CNBr aniline reaction showed the equivalent of 4 to 5 7 of nico- 
tine per ml. Apparently this relatively large concentration of 
nicotine and of other pyridine bases extractable by benzene had 
practically no effect upon our nicotinic acid determination. 

Table II summarizes our representative experiments showing 
recovery of nicotinic acid, nicotinamide, nicotinuric acid, and 
trigonelline added to urine as well as the recovery of these sub- 
stances in pure solutions taken through our entire procedure. It 
is to be noted that the recovery of added nicotinuric acid is a 
more critical test than the recovery of nicotinic acid or of the 
amide because of the difficulty of its complete hydrolysis. 

The following figures in terms of L values show the reproduc- 
ibility of results with four samples of the same urine subjected to 
separate analyses: “total” nicotinic acid, 5 ml. of urine, 0.102, 
0.106, 0.097, 0.103 (average 0.102); trigonelline, 0.33 ml. of urine, 
0.324, 0.351, 0.316, 0.349 (average 0.335). 
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Daily Urinary Excretion of "Total” Nicotinic Acid and of 
Trigonelline hy Normal Human Subjects 

2i hour urines from five normal adults, four men and one 
■woman, subsisting on an adequate diet, collected before and after 

Table II 


Recovery of Nicolinic Acid Derivatives 


Hydrolj’sis 

Urine 

Added 

trigonelline 

Lvaluea* 

Recov- 

ered 

Urine 1 

i 

Urine added 
anbatanco 


rd. 

7 



7 

6 K KOH 

1 

! 20 


0.252 

20 

5 “ acid and 6 x KOH 


20 

■■ 

0.248 

20 

5 tt tt 0 {( ji 

0.2 

1 6 

BIS 

0.224 

6 

5 tt tt Cl 0 tt tt 

0.2 

12 

Rffm 

0.299 

12 

5 tt tt tt 0 11 It 

0.133 

8 

0.115 

0.207 

7.4 

5 tt tt 0 tt tt 

0.133 

16 

0.115 

0.290 

14.0 



Nicotinic 






add 




Ko hydrolysis 


10 


0.205-0.220’ 

10 

5 X acid 


10 


0.210 

10 

5 “ 

5.0 

6.25 

o.oss 

0.217 

6.2 

5 ** “ 

3.33 

5 

0.101 

0.201 

4.8 

5 ** 

2.66 

2.5 

0.054 

0.110 

2.6 



Nicotin- 






amidej 




5 “ « 


10 


0.210 

10 

5 “ “ 

1 

5.0 

6.3 

0.082 

0.212 

6.2 



Nicotinuric 






addt 




0 “ « 


warn 


0.150 

7.5 

5 1* 11 

5.0 


0.107 

0.240 

7.0 

5 “ “ 

4.9 


0.096 

0.228 

6.6 

— 1 

1 






* The L value is the optical density obtained from the chart accompany- 
ing the Evelyn photoelectric colorimeter. 

t The nicotinamide and the nicotinuric acid are given in terms of nico- 
tinic acid. 


the ingestion of doses of nicotinic acid, were analyzed by the 
niethod described above. 

The content of the acid-hydrolyzable fraction, including free 
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nicotinic acid, the amide, and nicotinuric acid, is presented in 
Table III. It will be noted that the daily excretion of “total” 
nicotinic acid, exclusive of trigonelline, is remarkably constant in 
Subjects 2, 3, and 4 in whom it was studied several times, and that 
in all of the five subjects it ■\\aries from 1 to 3 mg. per day. 

The data on the excretion of trigonelline in Subjects 2 to 5 are 
shown in Table IV in connection with the ingestion of doses of 
nicotinic acid. In distinction to the “total” nicotinic acid it 
was soon observed that the excretion of trigonelline was not only 
much greater, but also varied a great deal more in different indi- 
viduals and in the same individual on different days. It was then 


Table III 

Daily Excretion of ^^TotaV^ Nicotinic Acid in Five Sxibjccts 



Sex 

; Age 

Weight 

1 

' Mg. “totar’ nicotinic acid excreted per day 

on date indicated 

Remarks 


1 

yrfl. 

Ihs. 



1 

M. 

48 

240 

Mar. 11, 3.0 

Very heavy 
smoker 

2 

1 

49 

160 

" 3, 1.6; June 25, 2.0; July 7, 2.2; 

July 25, 1.7; July 28, 1.8 

Heavy 

smoker 

3 

f < 

25 

155 

Mar. 1, 1.5; May 22, 1.1; July 8, 1.4; 1 
July 19, 1.4; July 22, 1.2 

Non- 

smoker 

4 

it 

24 

165 

Mar. 3, 1.7; July 9, 1.4; July 11, 1.5; 
July 12, 1.4; July 23, 1.5 

Moderate 

smoker 

5 

F. 

19 

145 

July 25, 1.1 

Non- 

smoker 


suspected that trigonelline excretion bore a relation to dietary 
factors. No clear quantitative indication could be had from the 
data of Linneweh and Reinwein (13) who isolated trigonelline 
from the urines of subjects ingesting and abstaining from coffee, 
tea, and cocoa. However, the amount of trigonelline obtained 
from urine on the coffee-free diet was considerably less. 
Heiduschka and Briichner (17) isolated 3 gm. of trigonelline 
from 2 kilos of defatted raw coffee beans. By subjecting several 
samples of freshly prepared black coffee beverage to our method 
of hydrolysis with strong alkali in the presence of urea we found 
that coffee, such as used by our subjects, may contain from 50 to 
100 mg. per 200 ml. cup, depending upon its strength and pos- 
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sibly variety of bean, roasting, etc. It appears therefore that a 
coffee-drinking indmdual may ingest between 100 and 500 mg. 
of trigonelline per day in coffee alone. Trigonelline was also 
isolated in smaller amounts from various seeds such as peas, 
wheat, oats, hemp, and in potatoes (18, 19). Since coffee seemed 
to be the chief source of trigonelline, and since it was impractical 
to dense a totally trigonelline-free diet for human subjects, we 
repeated our experiments wdth our subjects remaining on the 
same general diet as before but omitting only coffee. This had 
an inunediate and striking effect upon the daily excretion of 
trigonelline without affecting the other nicotinic acid derivatives. 

Table IV 


Changes in Daily Excrciion FoUoxcing Ingestion of Doses of Nicotinic Acid 


Sub- 

DoBCOf 
nico- 
tinic 
add in- 
BCBted 

*'Total** nicotinic ncid 
excreted per day 

TrigoncHme excreted i 
per day | 

Remarks 

Con- 

trol 

lat 

day 

2nd 

day 

3rd 

day 

Con- 

trol 

let 

day 

2nd 

day 

3rd 
day 1 


riff. 

mg. 

mg. 

1 rig. 

mg. 

mg. 

tng. 

mg. 

mg. 


2 

100 


3.3 

2.0 


204 

203 

116 


Coffee 

4 

500 


67.8 




217 



t€ 

4 

100 


10.2 

1.5 

1.4 

150 

156 

160 


ft 

3 1 

100 I 


2.7 

1.3 

1.2 


32 

72 

la 

“ irregu- 











larly 

2 

200 

1.7 

6.0 

1.7 ^ 

1.8 

29 

37 

24 

40* 

No coffee 

4 1 

1 

200 1 

mmm 

19.4 

1.5 


20 

44 

36 


tt ti 

3 ' 

100 

IH 

2.5 

1.4 

1.2 

27 

50 

21 

18 

tt ft 

5 ! 

200 ! 

19 

12.5 



25 

36 



ft ft 


: 











Thus, as seen in Table IV, Subject 2 excreted 116 to 204 mg. of 
trigonelline per day when ingesting coffee, and 24 to 40 mg. on a 
coffee-free diet. In general the same was true of the other three 
^bjects. We also noted that apparently the trigonelline of the 
ingested coffee is promptly excreted, for 1 day's abstinence from 
coffee can bring down the excretion from aroimd 200 mg. to 30 
mg. per day. 

The significance of the daily trigonelline excretion with or with- 
out the ingestion of extra nicotinic acid cannot yet be properly 
interpreted, since undoubtedly the coffee-free diet of our subjects 
still contained smaller but variable amounts of trigonelline. In 
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future experiments we shall attempt to select a constant diet 
with a low and a well defined trigonelline content. 

It is obvious that until such a procedure is adopted it will not 
be possible to follow the metabolism of nicotinic acid in the human 
or animal body. In a purely qualitative way it can be noted 
that in each of the four subjects who ingested doses of 100 to 500 
mg. of nicotinic acid in a single day when on a coffee-free diet 
there was a significant increase of the trigonelline excretion over 
that in the preceding or the following day. 

As noted before, the “total” nicotinic acid excretion in our 
five subjects varied from 1.1 to 3 mg. per day. The response of 
four of these subjects in regard to “total” nicotinic acid excretion 
after the ingestion of 100 to 500 mg. doses of pure nicotinic acid 
was quite different. Whereas 100 and 200 mg. doses led to an 
increased “total” nicotinic acid excretion of only 1 to 4 mg. in 
two subjects (Nos. 2 and 3), the increases in the other two sub- 
jects (Nos. 4 and 5) were from 9 to 18 mg. 

These individual variations in “total” nicotinic acid excretion 
seem to bear no proportional relation to the apparent increase in 
trigonelline excretion. In an effort to interpret these variations 
we attempted to identify the components of the acid-hydrolyz- 
able or “total” nicotinic acid fraction. Since the free nicotin- 
amide or that of the coenzyme complex is easily hydrolyzed by 1 
hour’s heating at 100° with 1 n HCl, and since this procedure 
results in the hydrolysis of only approximately 10 per cent of the 
nicotinuric acid, we determined the nicotinic acid color produced 
by the unhydrolyzed imine and by urine heated at 100° for 1 
hour with 1 n HCl, using the 24 hour urines of Subjects 4 and 5 
containing 19.4 and 12.5 mg. of “total” nicotinic acid respectively. 
Except for the hydrolysis the rest of our procedure was followed 
in all of these determinations. These urines were obtained on 
the day of ingesting 200 mg. of nicotinic acid by each subject. 
The results in terms of micrograms of nicotinic acid per ml. of 
urine were as follows: 


Hydrolysis 

Subject 4 

Subject 5 

Unhydrolyzed 

3.5 

2.6 

In HCl 

4.3 

3.7 

5 “ HCl-HNO, 

12.9 

10.4 
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It will be noted that hydrolysis with 1 n HCl led to but small 
increases in nicotinic acid, the large increases resulting from the 
5 N acid hydrolysis. . Since nicotinamide gives 50 per cent of its 
equivalent nicotinic acid color and is completely hydrolyzed by 
1 N HCl, and, since nicotininric acid gives 20 per cent of its equiva- 
lent nicotinic acid color, and is approximately 10 per cent hy- 
drol3"zed by 1 n HCl, it is obvious that in these urines the '^totaP^ 
nicotinic acid consisted largel^^ of nicotinuric acid. Therefore, 
oxAy small amounts of free nicotinic acid, nicotinamide, or co- 
eiizyme could have been present in these urines. 

It thus appears that when the ingestion of doses of nicotinic 
acid is followred hy appreciable increases of ^'total'^ nicotinic 
acid in the urine exclusive of trigonelline, such increases are 
largel}^ due to the formation and excretion of nicotimu-ic acid. 
Since this substance can only be determined after its complete 
hj'drolysis, and since such complete hydrolj^sis in urine without 
afifecting the trigonelline can be accomplished, as far as is knowm, 
only hy means of boiling with strong acid (5 to 6 x HCl) for at 
least 1 hour, it becomes important in saturation or tolerance tests 
to bear these relations in mind. Although the very' low concen- 
tration of “totaV’ nicotinic acid in normal urine (1 to 2 mg. per 
liter) makes it very difficult to determine the partition of its 
various forms, our data indicate that a complete hydrolysis with 
5 X acid is necessary’' for its complete conversion and determina- 
tion. 

The data in the second part of Table IV on Subjects 2 to 5, 
after the ingestion of 100 or 200 mg. of nicotinic add, show that 
(1) there are variable increases in the excretion of “total” nico- 
tinic acid and of trigonelline on the daj’' of the ingestion of the 
acid, returning to normal levels on the following day; (2) the sum 
of the increases in both fractions accounts for but 10 to 25 per 
cent of the ingested doses. 

Granting that the interpretation of the trigonelline values is 
not wholly reliable because of the uncertainty of the constancy 
of intake with the food, it still does not appear that this factor 
when more properly controlled will account for the deficit, for if 
the total trigonelline excreted on these days were ascribed to the 
ingested nicotinic acid alone the figures would still fall far short 
of the ingested nicotinic acid. We are therefore led to conclude 
that ingested nicotinic acid, in 100 or 200 mg. doses, is excreted 
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promptly but only partially as nicotinuric acid and trigonelline. 
The proportion of these two derivatives varied in the four subjects 
widely. The fate of the rest of the ingested nicotinic acid can 
only be conjectured: it may in part be stored in the tissues, in 
part destroyed, not unlike ascorbic acid in this respect, and also 
possibly in part converted and excreted in forms which are yet 
not amenable to analytic detection; there is also the possibility 
of incomplete absorption and loss in the stools. 

We intend to extend these studies on the metabolism of in- 
gested nicotinic acid to include blood, urine, and tissue analyses 
in human subjects and in animals. 

SUMMARY 

A study of the nicotinic acid derivatives and trigonelline in 
normal human urine is presented. 

Methods are proposed for determining the nicotinic acid deriv- 
atives after complete hydrolysis with strong hydrochloric acid 
and of estimating trigonelline after heating with strong alkali 
in the presence of ammonia. The difficulties due to interfering 
substances and to extraneous colors are discussed and methods 
for their cucumvention are offered. 

Five normal human adults on an adequate diet excreted daily 
1 to 3 mg. of nicotinic acid derivatives exclusive of trigonelline. 
On a diet free of coffee they excreted 20 to 29 mg. of trigonelline 
per day and up to 200 mg. per day when ingesting coffee. 

After the ingestion of 100 to 200 mg. doses of nicotinic acid 
four of the above subjects excreted 2.5 to 19.4 mg. of nicotinic 
acid derivatives, mostly as nicotinuric acid. The trigonelline 
excretion was appreciably increased, although the extent of this 
increase is not yet definitely established. These increases ac- 
count for only 10 to 25 per cent of the ingested nicotinic acid. 

The authors wish to acknowledge gratefully the gifts of samples 
of trigonelline and nicotinuric acid by Merck and Company, Inc., 
the synthesis and gift of nicotinuric acid by Dr. P. Handler, and 
the aid given by Dr, W. J. Dann in the spectrophotometric de- 
termination of the absorption curves in Fig. 1. 
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THE ENZYMATIC REDUCTION OF CYTOCHROME C 
CYTOCHROME C REDUCTASE 

By ERWIN HAAS, B. L. HORECKER, akd T. R. HOGNESS 

(From the George Hcrhcrl Jones Chemical Laboratory of the University of 
Chicago^ Chicago) 

(Received for publication, June 15, 1940) 

No enzjTne or enzyme system has thus far been described which 
catalyzes the physiological reaction between cytochrome c and 
reduced triphosphopyridine nucleotide. Although several of the 
known flavoproteins react with reduced triphosphopyridine 
nucleotide none of them reacts directly with cytochrome c. 
Cytochrome b and hy’’drogen carriers presumably acting between 
cytochrome c and the flavoproteins have therefore been postulated 
as part of this scheme but no concrete evidence to support such 
postulated mechanisms has been presented. The reactions be- 
tween the reduced forms of either Warburg and Christian's 
^'old” (1) or Haas' ‘'new" (2) yellow enzyme and oxygen are too 
slow to be physiologically important and these enzymes are there- 
fore left without explanation of their enzymatic significance. 
Theorell (3) reported observations of the reduction of cytochrome 
c by the “old” yellow ferment but this reaction also was too slow 
for physiological consideration. In the attempt to bridge the gap 
in the oxidation-reduction chain, Straub (4) isolated a flavopro- 
tem from heart muscle, but like the other flavoproteins this sub- 
stance does not react with cytochrome c (5). 

In this paper we report the isolation of a new fiavoprotein^ 
^hich, reacting very rapidly with both oxidized cytochrome c 

' In a preliminary report on the isolation of this enzyme vre described it 
^ colorless. During the first stages of its isolation the product lost much of 
its color upon purification. Judging from the activities of the previously 
isolated yellow ferments, we were led to the conclusion that the product 
could not be as active as it was and still show no yellow color. We were, 
therefore, misled by the extremely high activity of this enzyme. 
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and reduced triphosphopyiidine nucleotide, completes the oxida- 
tion-reduction system from hexose monophosphate to cytochrome 
c. The prosthetic group of this new enzyme is alloxazine mono- 
nucleotide. 

According to the nomenclature suggested by Warburg this 
enzyme could be designated as 

alloxazme-proteid cytoohromo e - triphosphopyrldino nuelcotido 
We shall refer to it as cytochrome c reductase. 

General Principles of Analytical System 

The whole enzyme system which catalyzes the reduction of 
cytochrome c by hexose monophosphate is made up as follows: 
hexose monophosphate, Zwischenferment, triphosphopyridine nu- 
cleotide, cytochrome c reductase, cytochrome c. The triphospho- 
pyridine nucleotide is rapidly reduced, while the oxidized cyto- 
chrome c does not react until the reductase is finally added. The 
concentrations of all components are so adjusted that (1) the 
rate of reduction of the cytochrome c is proportional to the 
reductase concentration and (2) the half time of the cytochrome 
c reduction is about 3 minutes. Each of the components of the 
system is sufficiently pure so that no reaction proceeds until the 
cytochrome c reductase is added. 

Preparation of Test Substances 

Triphosphopyridine Nucleotide — This substance was prepared 
by a modification of the method described by Warbimg, Christian, 
and Griese (6). We are indebted to Dr. T. S. Ma for the following 
analysis of the final product. 

CsjHijNtPjOiq. Calculated. C 33.4, H 4.06, P 11.8 
Found. “ 34.8, “ 4.37, “ 9.3 

On the basis of the phosphorus content we calculate a purity of 
79 per cent for the triphosphopyridine nucleotide. 

Using the manometric test for triphosphopyridine nucleotide (6) 
we found a purity of 80 per cent for our product. 

Hexose Monophosphate — This was prepared by a modification 
of the directions given by Robison and Morgan (7) and by War- 
burg and Christian (1). We have found that bottom yeasts are 
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imsatisfactoiy for this preparation. Top ale yeasts, however, 
gave excellent results. 

The best results arc obtained when the Lebedew extract is 
prepared by digestion at 0® rather than at 35° as specified by War- 
burg and Christian. The yeast used must be fresh and it should 
be washed immediate^" after the brewing process. The extract 
should be protected from air during the extraction. 

The 3’east used in the preparation of the hexose monophosphate 
was the same as that used as the source of the reductase. 900 gm. 
of the dried powdered j^east were stirred into 2700 cc. of water 
and extracted for 22 hours at 0°. The air in the covered container 
was displaced b}^ carbon dioxide. Centrifugation and filtration 
yielded 1.4 liters of the clear Lebedew extract, w’hich was used at 
once for the preparation of hexose monophosphate. From 300 
gm. of glucose, 300 gm. of Na^HPO^ *121120, and 20 gm. of 
KH2PO4 we obtained 42 gm. of the crj^stalline calcium salt of 
hexose monophosphate. 

Analj^sis of this material hy Dr. T. S. Ma gave the following 
result. 

3.128 mg. Eample yielded 19.70 mg. ammonium phosphomolj'bdate 

3.416 » » “ 1.240 " HaO and 2.7S4 mg. COi 

3.681 “ “ ** 1.403 “ “ “ 2.9S6 “ “ 

Calculated, CeHnO^CaPOi-HjO. H 4.11, C 22.8, P 9.8 
Pound (average). 4.13, “ 22.18, ** 9.15 

The calcium salt v:as converted into the potassium salt b^^ 
treatment with potassium oxalate. 3.15 cc. of m oxalate were 
necessary for 1 gm. of the calcium salt. Thus 1 mole of calcium 
salt (mol. wt. 316) w'as equivalent to 0.995 mole of potassium 
oxalate. 

Zimschenfennent — ^The specific protein which is necessary in 
the reduction of triphosphopyridine nucleotide hy hexose mono- 
phosphate was prepared in accordance with the directions given 
by Warburg and Christian (1). This is a relative!}’' impure 
product but contained no cytochrome reductase, whereas the 
pur^t Zwischenferment obtained b}^ the method of Negelein and 
Gerischer (8) contained some of the reductase. 

Canadian top ale yeast which was used to make this preparation 
'^as washed and dried. A suspension of 400 gm. of the dried 
yeast in 1200 cc. of w^ater was allowed to stand for 10 hours at 
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35°. The suspension was then centrifuged and the Zwischenfer- 
ment precipitated from the supernatant solution by dilution with 
water and subsequent saturation with carbon dioxide. The 
precipitate, dried in vacuo over PjOe, gave 6.4 gm. of a dry powder 
which has not lost its activity in more than 1 year’s time. 0.1 
mg. of this powder was necessary for each test. 

Cytochrome c — Following the directions of Keilin and Hartree 

(9) , we obtained from 5.8 kilos of horse heart 3.1 X 10“® mole 
of cytochrome. The concentration was determined spectropho- 
tometrically. Using the absorption coefficients given by Theorell 

(10) , we found 5.17 X 10“'^ mole of cytochrome per cc., while for 
the same solution, after being reduced, 5.15 X 10“’^ mole per cc. 
of cytochrome was found. This result showed that the solution 
was free from colored impurities. 

Isolation of Enzyme 

The activity of an enzyme preparation was tested spectro- 
photometrically by the method to be described in detail in the next 
section. The protein concentrations were determined by evapo- 
rating the salt-free solutions. In the presence of salt the solutions 
were subjected to micro-Kjeldahl determinations for protein 
nitrogen. The protein concentrations were calculated on the 
assumption that all proteins present contained 16 per cent nitro- 
gen. 

The activity of each preparation is here calculated on the basis 
of mg. of dry protein. This activity (W) is defined as follows: 

A log oxidized cytochrome c concentration 

W s= 

At X mg. protein 

W is independent of the cytochrome c concentration. For the 
pure enzyme W has a value of 158 mg.~i min."i. 

Source Material — Top ale yeast of the strain Saccharomyces 
cerevisiae I, Hanson, obtained from Drewry’s, Ltd., was washed 
at 0° with tap water and then subjected to high pressure to remove 
the excess water. By blowing air over a thin layer of the yeast 
for a few hours it was thoroughly dried. The dried yeast can be 
stored at room temperature without apparent loss of activity. 

Step 1 . Extraction of Enzyme hy Autolysis — 4 kilos of the dry 
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yeast are suspended in 14 liters of water and kept for 33 hours at 
20°. The suspension is centrifuged and 6.9 liters of clear solution 
obtained ^Yhich contain most of the enz^nne. The residue is 
washed with 6.5 liters of water and centrifuged. The resulting 
supernatant solution is combined with the original to give 13.8 
liters of an enzjTne solution which contained 1400 gm. of dry sub- 
stance. TT = 0.27 mg.“' min.^*^. Since TT for the pure enz^Tue 
is equal to 158 mg.”"^ min.^b fbc purity of the enzyme in the first 
extract is 0.27/158 = 0.0017. The enzyme is veiy easil}^ de- 
natured and the whole of the following procedure must therefore 
be carried out at 0°. 

Step 2. Fractionalion with Ammoniuin Sulfate — At pH 4.5 the 
enzyme is soluble when the solution is 31 per cent saturated 
with ammonium sulfate. Under these conditions a large amoimt 
of inert proteins is denatured and can be removed. The enzyme 
is precipitated w'hen the solution is made 51 per cent saturated 
with respect to ammonium sulfate. 

Specifically, 13.8 liters of enzjnne solution are cooled to 0°. 
While the solution is being stirred, 4.2 kilos of solid ammonium 
sulfate and then 220 cc. of 10 x acetic acid are added. The satura- 
tion is then 51 per cent with respect to ammonium sulfate, 
pH 4.5. The precipitate is separated by centrifugation. It con- 
tains the enzyme and can be kept in this form overnight. The 
precipitate, which has a volume of 1.1 liters, is suspended in 0.7 
liter of water and 3 liters of a solution 31 per cent saturated with 
ammonium sulfate are added. The insoluble material is separated 
by centrifugation and discarded. 

From the supernatant solution (4 liters) the enzyme is precip- 
itated by adding 470 gm. of ammonium sulfate; the degree of 
saturation is then 51 per cent. After separation by centrifugation 
the enzjTne is dissolved in 500 cc. of water. The solution contains 
87 gm. of dry substance, other than ammonium sulfate. W = 
1.92; purity after step (2) = 0.012; purification 7-fold; yield 
"14: per Cent. 

Step S. Dialysis — ^For the following precipitation with alcohol 
it is necessary to remove the dissolved ammonium sulfate. Con- 
sequently the enzyme is dialyzed in cellophane tubes against 
distilled water for 17 hours at 0°. After the removal of 
much inactive precipitate by centrifugation, 1200 cc. of enzyme 
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solution containing 52 gm. of protein are left. W = 2.0; purity 
= 0.0126; purification 1.06-fold; yield 63 per cent. 

Step J^. Precipitation with Ethanol — 1200 cc. of dialyzed enzyme 
solution are adjusted to pH 4.65 by adding 1.5 cc. of 2 n KOH. 
Slowly and with stirring in an ice bath, 600 cc. of 30 per cent cold 
ethanol are added. A fine white precipitate is formed which con- 
tains the enzyme. After 45 minutes the suspension is centrifuged 
and the precipitate is dried as rapidly as possible in vacuo over 
CaCb at 0°. After this step 5.0 gm. of a dry powder are obtained. 
W = 12; purity = 0.076; purification 6-fold; yield 58 per cent. 
In 34 days 9 per cent of the activity of the dry powder is lost when 
kept at 0° in vacuo over CaClj. 

Step 6. Adsorption on Aluminum Hydroxide Gel; Elution with 
Alkaline Ammonium Sulfate — 5.0 gm. of the enzyme powder are 
dissolved in 200 cc. of water. By adding 5 cc. of n KOH the 
pH is adjusted to about 9. Aluminum hydroxide gel y prepared 
according to Willstatter and Kraut (11) is added fractionally 
until the supernatant solution is just colorless. Excess adsorbent 
should be avoided. About 7.0 gm. of aluminum hydroxide are 
usually necessary to adsorb all the enz 3 ane. 

The enzyme is eluted from the aluminum h 3 '^droxide by adding 
50 cc. of a solution which is 64 per cent saturated with ammonium 
sulfate and is 0.1 N with respect to NH4OH. This elution with 
alkaline ammonium sulfate is repeated twice. From the combined 
eluates (150 cc.) the enzyme is precipitated by adding 18 cc. of 
2 N acetate buffer, pH 4.5, and 30 gm. of solid ammonium sulfate 
(degree of saturation, 70 per cent). The precipitate is centrifuged 
for 1 hour at 3000 times gravity to remove as much as possible of 
the ammonium sulfate solution which interferes in the following 
step. The enzyme is dissolved in 100 cc. of water and 4 cc. of 
N NH4OH are added to adjust the pH to about 9. The solution 
now contains 360 mg. of protein. TF = 51; purity = 0.32; 
purification 4.2-fold; yield 30 per cent. 

Step 6. Adsorption on Calcium Phosphate; Elution with Phos- 
phate — Tricalcium phosphate gel was prepared by following the 
direction of Utkin (12) and was used about 8 months after prep- 
aration. The tricalcium phosphate is added to the enzyme solu- 
tion in small portions until the supernatant solution remains color- 
less. At this particular salt concentration about 6.5 gm. of 
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calcium phosphate are sufficient for adsorption of the enz^^me. 
The tricalcium phosphate ^^lth the adsorbed enzjune is washed 
with 80 cc. of 0.02 m borate buffer, pH 9.2, and the enzjune is 
eluted with 40 cc. of 0.05 m phosphate buffer, pH 6.1. The elution 
is repeated two times and the eluates are combined. Excess of 
phosphate, which interferes in the next purification step, should 
be avoided. The 120 cc. of the phosphate solution contain 44 
mg. of protein. TF = 98; purity = 0.62; piurification 1.95-fold; 
}ield 24 per cent. 

Step 7. Adsorption on Alu77iimim Hydroxide Gel Repeated — 120 
cc. of the phosphate solution are stirred for 10 minutes with 1.7 
gm. of aluminum hydroxide and centrifuged. The colorless super- 
natant solution is discarded. The enzyme is eluted from the 
aluminum hydroxide three times wdth 12 cc. of alkaline ammonium 
sulfate as in step (5). To the 36 cc. of the eluate 7.5 gm. of solid 
ammonium sulfate, and 4 cc. of 2 k acetate buffer, pH 4.5, 
are added. The degree of saturation with ammonium sulfate is 
70 per cent. The precipitated enz^une is separated b}^ centrifuga- 
tion and dissolved in water. With 0.2 cc. of x NHiOH the pH 
of the solution is adjusted to about 9. 17 mg. of enz 3 Tne dissolved 

in 6.2 cc. of solution are finaUj’^ obtained. This solution is 0.2 
M with respect to (NH|) 2 S 04 but since a dilution of 1:7000 is 
made for the test there is no interference. IF = 138; purity = 
0.87; purification 1.41-fold; yield 55 per cent. 

The titration with cytochrome as given in the next section 
proves that the enzyme after step (7) is 87 per cent pure. Al- 
though kept at 0°, the pure enzyme loses 30 per cent of its activity 
m 2 daj's time. Considering the instability- of the enzynne, we 
believe that most of the inactive substance is cy'tochrome c 
reductase, denatured during the purification process. 

Remarks Pertinent to Isolation — ^We have found cy-tochrome 
reductase in j^east obtained from different sources. The best 
results in the isolation are obtained with a yeast which autoly-zes 
readily^ at low- temperatures. 

During the course of the isolation the purity^ of the enzy-me in- 
crei^es from 0.0017 for the first step to 0.87 for the last step, 
an increase of about 500-fold. Ajssuming that the first extract 
contained all of the enzyme, we calculate that 1 Idlo of dry- y-east 
contains about 0.6 gm. of the enzy-me (0.0017 X 1400/4). 
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By the same method of calculation the amount of "old” yellow 
enzyme in Warburg and Christian’s original source and the amount 
of "new” yellow enzyme in that of Haas have been calculated. 
These are here compared with the amount of cytochrome reductase 
found in our yeast (Table I). 

It is interesting to note that the concentration of cytochrome 
reductase and that of the "old” yellow ferment are of the same 
order of magnitude. 

The over-all yield for the seven steps of the isolation is equal 
to 0.63 per cent. By this process of purification about 235 kilos 
of dry yeast (approximately 1 ton of fresh yeast) would be neces- 
sary to obtain 1 gm. of the enzyme. 


Table I 

Yellow Enzymes in Yeast 


Enzyme 


Source material 

Cytochrome c reductase 

0.6 

Drewry’s ale yeast 

“Old” yellow enzyme ' 

1.0 

Schultheiss-Patzenhofer yeast 

“New” “ “ 

0.14 

(t a tt 


Purity of Final Product and Molecular Weight of Enzyme 

In calculating the purity of the final product and in estimating 
the molecular weight we compare its properties with those of 
Warburg and Christian’s "old” and Haas’ "new” yellow enz 3 Tne. 

Absorption Spectrum — The absorption spectrum from 250 to 
550 m^ is given in Fig. 1, and the more detailed spectrum in the 
characteristic range 320 to 550 m^ is given in Fig. 2. The absolute 
values for the extinction coefiicients" (ordinates) have been cal- 
culated with the assumption that the value at 455 mp for cyto- 
chrome reductase is 1.04 X 10^ cm.^ mole-h This is the extinc- 
tion coefficient of the "old” yellow enz 3 Tne (13) at 465 m/i, of 

® The extinction coefficient is defined by a in the relationship I = 
where c is expressed as moles per cc. The absorption coefficient 
P is defined by the equation I = The value of p for the wave-lengths 

455 TOfi is then 2.4 X 10’' cm.* X mole~i. 







Fjg. 1. Absorption spectrum of cytochrome c reductase 



Absorption spectrum of cytochrome c reductase, near ultraviolet 
and visible regions. 
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the "new” yellow enzyme (2) at 455 and of the amino acid 
oxidase (14) at 450 mfi. 

The absorption spectrum of cytochrome reductase is made up 
of the three bands which are typical for the yellow enzymes, but 
as Table II indicates these bands are not identical with those of 
either the "old” or "new” enzymes. 

The slight inflection in the absorption curve between 400 and 
450 m/I indicates that a band at about 420 m/i may also be pres- 
ent. That this inflection is due to an impurity, very probably a 
hemin compound, was demonstrated by the fact that a band at 
this wave-length persisted when the cytochrome c reductase was 
reduced with the hexose monophosphate system. From the mag- 
nitude of this band we estimate that the maximum amount of 
hemin protein was 3 per cent. A small band also appeared at 557 


Table II 

Absorption Maxima of Yellow Enzymes 


Ensymo 

Xi j 

hi 

Xs 


MOM 

mu 

mu 

Cytochrome reductase 


385 

455 

**01d** yellow enzyme 


380 

465 

“New” “ “ 

275 

377 

455 


m/I. Although we have reason to believe this substance to be an 
impurity, its properties will be investigated further. 

Determination hy Light Absorption — With the assumption (1) 
that the extinction coefficient at the wave-length 455 m/i for cyto- 
chrome c reductase is 1.04 X 10^ cm.^ mole"^ and (2) that the 
enzj’^me is 100 per cent pure, we may calculate its molecular weight. 

The enzyme solution obtained from step (7) in the isolation con- 
tained 2.75 mg. of protein per cc. For the same solution the light 
absorption, Iq/I, at 455 mp. was found to be 1.555 in an absorption 
cell 0.504 cm. in length. The molecular weight was then calcu- 
lated in the following manner. 


C (flavin) = 


1 , To 0.192 

L lop;— = — — 

aXl I 1.04 X 10’ X 0.504 


= 3.66 X 10“® mole per cc. 
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If 1 mole of the enz>Tnc contains 1 mole of flavin, then the 
calculated molecular weight is (2.75 X 10”^)/(3.66 X ICh®) 
or 75,000. 

Using a method similar to that employed here, Theorell (13) 
found a molecular weight of 73,000 for the ‘‘old” 3 ^ellow enz 3 Tne. 
Kekwick and Pedersen (15) using the ultracentrifuge found by the 
equilibrium method a molecular weight of 82,800 for this same 
enzjTne, while Poison (16) determined the molecular weight to be 
77,800 b}^ the sedimentation method. We can assume that within 
the limits of all the experimental errors the molecular weights of 
these two enzymes have the same value. In the follovdng calcu- 
lations we shall therefore assume the molecular weight of cyto- 
chrome c reductase to be 78,000. 

From these same considerations we would arrive at the conclu- 
sion that our final product is a pure one but such a conclusion 
would be based on the assumption that the onl}’’ j^ellow enzyme 
contributing to the light absorption was c 3 i:ochrome c reductase. 
To determine its puritj' in this respect reduced cj’tochrome c 
reductase was titrated with c^^tochrome c. 

Titration with Cytochrome c — Reduced c^^tochrome c reductase 
reacts with oxidized C3"tochrome c (C^^Fe'*"^'^) according to the 
equation 


Reduced cytochrome c reductase -f 2CyFe‘^^ = 
cytochrome c reductase -f 2 CyFe**^ -f 2H'^ 

Hexose monophosphate, Zioischenfermentj and triphosphop 3 Tidine 
nucleotide were added to a solution containing the reductase. 
Excess hexose monophosphate was used but the amounts of 
Zv^ischenferment and triphosphopyridine nucleotide were such that 
the reduction took a relativel 3 ’’ long time. After the reductase 
was reduced, an excess of oxidized c 3 ’'tochrome c was added. 
With relatively large concentrations the reaction between these 
constituents took place immediately and the amount of the C3’to- 
chrome c reduced was determined spectrophotometricall 3 " at 
m/z. After the initial instantaneous reduction, the excess 
cytochrome c was reduced but this subsequent reduction was slow 
because of the limiting amount of Zvnschenferment, 
Determinations 'were made with two enzyme concentrations 
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Table III 
Titration of Enzyme 

X = 550 m/i, total volume = 5.8 cc., length of cell = 1.98 cm.; gas 



2 4 6 8 10 12 

TIME (MINUTES) 

Fig. 3. Titration of reduced cytochrome c reductase, by oxidized cyto- 
chrome c. Upper curve 1.04 mg. of enzyme; lower curve 0.52 mg. of enzyme. 

with identical results. The conditions under which these titra- 
tions were made are given in Table III and the results are shown 
in Fig. 3. 

By extrapolating the curves to zero time, the amount of cyto- 
chrome c reduced instantaneously is obtained. The number of 
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moles of cytochrome c reduced in each case is given in the last 
row of Table III. Since 2 moles of cytochrome c are equivalent 
to 1 mole of cytochrome c reductase, we find that Sample 1 con- 
tains 0.59 X mole of the reductase and Sample 2 contains 
1.16 X 10-s mole. 

Assuming a molecular weight of 78,000 for the enzyme, Sample 1 
contains 0.59 X 10“® X 78,000 X 10^ = 0.46 mg. of the active 
enz}Tne, while Sample 2 contains 90 mg. The purity of the 
enz}Tne preparation is given by the relation, (active enzyme)/ 
(total protein) = 0.46/0.52 = 0.87 for Sample 1 and 0.90/1.04 = 
0.88 for Sample 2. 

On the basis of this titration and of the flavin determination 
in the previous section, we conclude that the enzyme was about 
87 per cent pure and that inactive yellow enz3Tne accounted for 
most of the remainder. 

The fact that identical results were obtained when different 
amounts of the reactants were used shows that the reaction goes 
to completion. 


Stahiliiy of Enzyme 


At pH 8.8 and at 0° the purest product in a 0.05 saturated 
(^^4)2804 solution lost 30 per cent of its activity in 2 da^^. At 
pH 4.5 the enzyme is still less stable, losing as much as 50 per cent 
actmty in 15 hours. When the enzyme solution was frozen by 
evaporation and then dried in vacuo, the dry powder lost only 30 
per cent of its actmty in 26 daj’s if kept in vacuo over CaCb at 0°. 

The activity of the purified enzyme is destroyed by dialysis 
agamst distilled water. When dialyzed against 0.001 m NH 4OH, 
the enzyme is stable. 

The inactivation of the enzyme by' heat depends very greatly 
upon the salt concentration of the solution and upon the purity 
of the product. 


At pH 7.3 in 0.06 M (NH4)2S04 the purest enz3niie loses activity 
at the following rate: in 10 minutes, at 30° 19 per cent, at 40° 
37 per cent, and at 45° 58 per cent. 

The activity is destroyed by acetone and by dioxane. 


Rudimentary Kinetics and Enzyme Test 

Since the whole oxidation-reduction system consists of a series 
of steps, the rate of reduction of the cytochrome c may depend 
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upon the rate of any of these steps. We have not as yet separated 
these steps in making rate determinations; yet enough data are 
at hand to give minimum values for the rate constants of the 
reactions involving the oxidized and reduced forms of cytochrome c 
reductase. Under the conditions prevailing in our analytical 
experiments the rate of reduction is proportional to the concen- 
tration of the cytochrome c reductase. Since the reduction of 
oxidized cytochrome c involves the reduced form of the reductase, 
we may assume that all of the enzyme is present in the reduced 
form. Denoting oxidized cytochrome c by CyFe'*”^"'' we can 
express the over-all rate by the equation 

d ( O 

= iiL(CyFe'*^) (reduced cytochrome c reductase) (1) 


or 


d logioCCyFe-^) 
dt 


E. 

2.3 


(reduced cytochrome c reductase) 


( 2 ) 


Under these conditions the concentration of the reduced reductase 
remains constant during the course of the reaction and d log 
(CyFe+++)/di is constant. This is demonstrated by the data 
given in Table IV. 

The data given in Table IV are those used for determining the 
activity of our purest sample. All constituents except the cyto- 
chrome c reductase were added to the cell. After a few minutes 
were allowed for the triphosphopyridine nucleotide to become com- 
pletely reduced, 0.00042 mg. of the reductase was added. The 
galvanometer reading was taken before adding the reductase and 
every minute thereafter. The value of the enzyme activity, W, 
for the final product was calculated to be 138 min.'"^ X mg.“k 

^ ^ A Iog(CyFe+++) ^ 0.058 ^ 

A« X mg. enzyme 0.00042 

By plotting the logarithm of the oxidized cytochrome concen- 
tration against the time of the reaction a straight line should be 
obtained and if Equation 2 is true the slope of the line should be 
proportional to the enzyme concentration. This plot is shown, 
in Fig. 4 for three reactions with different reductase concentra- 
tions. By plotting the slopes of these curves against enzyme 
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concentration a straight line is obtained, in agreement with 
Equation 2 (Fig, 5). 

The above considerations form the basis for the analytical test 
for the reductase. Under these conditions the rate of reduction 
is proportional to the enz^Tne concentration. A more thorough 

Table IV 

Tcsl for Enzijme Activity 

It = light intensity (in arbitrary units) after passing through blank cell 
containing no cytochrome. 

I = light intensity after passing through cell containing the cytochrome. 

I “ length of cell « 0.32 cm. 

X = 550 in;i. 

a oxidized (for CyFe"*^) = 0.0056 X 10* cm.* X moles"*. 

tt reduced (for CyFe'^) == 0.281 X 10* cm,* X moles"*. 

C « total cytochrome concentration = 5.4 X 10"* mole per cc. 

(CyFe+++) - 1/^ — « reduced X C 

a oxidized — a reduced 

Temperature 25°; gas space, air. 

The following constituents were added, 1.0 cc. of 0.025 m phosphate 
buffer, pH 7.3, 0.90 mg. of potassium salt of hexose monophosphoric acid, 
0.10 mg. of Zivischenfcrmcntf 0,020 mg. of triphosphop 3 rridine nucleotide, 
and 0.86 mg. of cytochrome c. 



Galvanometer 



Loe 

(CyFe-+*) 


A log 
(CyFe-^) 

Time 

readme 

7# 

J 

(CyFe^) 

AlOff 

(CyFe"^) 




I 


4-8 


Ai 


/• 

I 




Ktn. 




vtota per 
ec. 





180 

123 

1.47 





1 





180 

111 

1.62 

4.70 




2 

180 


1.74 

4.14 

0.617 

0.115 

0.058 

3 

180 

96 

1.87 

3.62 

0.559 

0.173 

0.058 

4 

180 1 


1.99 

3.16 

0.500 

0.232 

0.058 

5 

180 

85.5 


2.76 

0.440 

0.292 

0.058 

6 

180 ! 


2.23 

2.36 

0.373 

0.339 

0.060 


study of the kinetics of this system will be presented in a later 

report. 

The reaction between cytochrome c and cytochrome c reductase 
^ first order with respect to each of these constituents. Since the 
eytochrome c imdergoes a 1 valence change and the reductase a 
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Fig. 5. Rate of reduction of cytochrome c as a function of reductase 
concentration. 
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2 valence change, we may tentatively postulate that the reductase 
forms an interraediar}" semiquinone-like free radical in the course 
of the reaction. This conclusion is not surprising in view of the 
findmg of Haas that such a compound was obseiv^able for the 
‘*old” 3"ellow enzyme (17). 

From the data in Table IV Ave are able to calculate minim um 
values for the specific reaction velocities for the oxidation of 
cjiochrome c reductase by cytochrome c and also for the reduction 
of the reductase by dibydrotriphosphop^nidine nucleotide. In 
the first case we assume that all the reductase is in the reduced 
form; in the second case we assume that the reductase is all in the 
oxidized form. As these values for the oxidized and reduced 


Table V 

Specific Reaction Velocities at S5° 
K = ndn.”^ mole”^ liter. 


Enxymo 

Proelhctic croup 

Reaction 
witb dihydro- 
tripheepho- 
pj’Tidine 
nucleotide. 

K (reduced) 
xicr* 

Reaction 
with cyto- 
chrome c, 
K (oxi- 
dized) X 
10-1 

Reaction 

with 

oxygen, 

K (oxi- 
dized) X 
10-4 

Cytoclirome c re- 

AUoxazine mono- 

>520 

>2S0 


ductase 

nucleotide 




"Old** yellow en- 

i( It 

60 

0.3 

1 

zyme 





‘*New** yellow en- 

AUoxazine dinu- 

220 

1 0 

O.U 

zyme 

cleotide 



1 


concentrations of the reductase are maximum values, we obtain 
only minim um values for the reaction constants. In Table V we 
compare these values with the known or calculable values for 
reactions involving the “old” and the “new” yellow enzymes (2). 
The constant for the reaction between “old” yellow enzyme and 
c^ochrome c is based upon data obtained with our own prepara- 
tion. We have also included the specific reaction velocity con- 
stants for the reactions between the “old” and “new” yellow 
enzymes and oxygen in order to show the relative rates of oxida- 
tion by cytochrome and by oxygen. We have not yet determined 
whether the reduced form of our enzyme can be readily^ oxidized 
by oxygen but the evidence is definite that this enzyme is much 



764 


Cytochrome c Reductase 


more active toward tripliosphopyridine nucleotide and cyto- 
chrome c than either of the other two enz)mies. The reduction 
of cytochrome c by the “old” yellow enzyme as reported by Theo- 
rell (3) can easily be explained by the assumption that prepara- 
tions of this enzyme contained only 1 part per thousand of active 
cytochrome c reductase. 


Prosthetic Group 

In the following we shall demonstrate that the prosthetic group 
of cytochrome c reductase is alloxazine mononucleotide, the same 
prosthetic group as that associated with the “old” yellow enzyme. 
To do this we shall describe experiments in which the prosthetic 
groups of cytochrome c reductase, of the “old” yellow enzyme, 
and of the amino acid oxidase are interchanged. We shall also 
substantiate our conclusion by a report of a phosphorus deter- 
mination on the prosthetic group of the reductase. 

Splitting and Resynthesis of Cytochrome c Reductase 

The reductase can be split and separated into a flavin and a 
colorless protein in the presence of a high hydrogen ion concentra- 
tion. The method of effecting this splitting was first suggested 
by Warburg and Christian (18). Each part of the dissociated 
enzyme is by itself inactive but by combining the two the active 
enzyme can be resynthesized. 

The prosthetic group was prepared by dissolving 70 mg. of 
enzyme (obtained from step (5), purity = 0.32) in 8 cc. of water 
at 0“. To this solution were added 2 gm. of (NH4)2S04 and 2 cc. 
of N H2SO4. The pH of the resulting solution was 2.3 and the 
degree of saturation was 0.35 with respect to (NH4)2S04. The 
precipitated protein was separated by centrifugation and dis- 
carded. The supernatant solution which contained the flavin was 
neutralized with 0.50 cc. of 2 n KOH. We thus obtained 9.0 cc. 
of a clear yellow solution. The flavin in this solution we shall 
designate henceforth as flavino.r.. Spectrophotometrically this 
solution was found to contain 0.40 X 10“^ mole of flavin per cc. 

To obtain the active protein component 8.8 mg. of an enzyme 
preparation (purity = 0.62) were dissolved in 6 cc. of a solution 
which was 35 per cent saturated with (NH4)2S04, at 0°. 0.8 cc. 
of a solution which was 35 per cent saturated with (NH 4 )iS 04 
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and vras 0,1 N \sdth respect to H 2 S 04 was then added so that Congo 
paper was just blue. The protein was precipitated and separated 
by centrifugation. It \vas then washed with 3 cc. of a 50 per cent 
saturated (NH 4 ):S 0 < solution and dissolved in 4 cc. of 0.05 m 
phosphate buffer, pH 7.3. 1 cc. of this colorless solution con- 
tained 1.5 mg. of protein wdiich we shall designate as proteinc.r.; 
punt}’ 0.50, 3 deld 37 per cent. 

The activity of each of the components and of the resjTithesized 
enzyme was determined by means of the test previousl}" described 

Table Y1 


Enzj/malic Aclirit}/ of Separated and Combined Enzyme Components 


1 

Protcirk.,. » O.W y cc. 

1 

FlAvint.T. »» 2.5 X mole 

percc. 

Protein^,,. «= 0,fi2 y cc. 

Flavine,,. ** 2.5 X 10^ taole 
percc. 

1 1 

S 4- log 
(CyPe*^) 1 

1 


1 

8 -p log ! 
(CyFc--) 

1 


! 

t 

8 4- log 
(CyFe^) 

MSB 


1 

i 

1 1 

1 

A1 

nin. 

Wm 

■■ 

nin. 

HB 

■■ 

niru 1 

HB 


0 

■SB 

Hi 

0 

BH 

HH 

0 



1 

18 ^ 


1 



1 


0.0S7 

2 

1 0.6S4 

HjiokH 

2 

1 0.728 ' 


1.5 

0.606 



1 

HH 



HI 

2 

; 0.570 

HB 

Average for 

A logCCyFe"^) 

1 

i 







At 

= 0.012 ] 


0.003 



0.079 



Proteine.,, *= protein of cytochroine reductase; flavine.,, == flavin of cyto- 
chrome reductase. 


(fable IV). In Table VI the activities of flavmc.r., protem<;.r., 
and fla\dnc,r. + protemc.r. are compared. 

This experiment shows clearly that the actmty is restored when 
the two components are recombined. The small acti^dty of the 
protein alone is probably due to some unsplit emyme in the pro- 
tein solution. 


Dissoctaiion Constant 

To determine the constant for the dissociation of cytochrome c 
reductase into the prosthetic group and protein we added the 
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flavin in different concentrations to a small but constant amount 
of the protein at pH 7.3 and at 25°. The activity of the resyn- 
thesized enzyme was determined as usual (Table IV). For these 
determinations only 0.9 7 of protein and about 3 X 10~® 7 of 
flavin are necessary; this makes available a method for deter- 
mining ver}’’ small amounts of alloxazine mononucleotide. The 
results of this experiment are given in Fig. 6. Since the dissocia- 
tion constant for this flavoprotein is very small, a considerable 
part of the added flavin is bound to the protein ; thus the dissocia- 
tion constant is not equal to the total flavin concentration when 



Fig. 6. Rate of reduction of cytochrome c as a function of flavin concen- 
tration. Increasing concentrations of flavino.r. added to 0.92 7 of pro- 
teino.r.. 


the activity is 50 per cent that of maximum. Rather two points 
on the curve must be used and the constant determined by the 
solution of simultaneous equations. 

The value of the dissociation constant K can be determined 
from the following considerations. Consider two points on the 
curve, points (1) and (2). Let Fi be the rate corresponding to 
point (1) and the rate for point (2). Fmax. is the maximum 
rate determined with excess flavin. P( = total protein concen- 
tration, Pi and P2 = free protein, Ex and E 2 = enzyme concen- 
tration, F ii and Fn = total flavin, and Pi and P2 = free flavin 
at points (1) and (2) respectively. 
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P« = + P: = £•! + Pi 

Pit = Pi + -Pi i Pii = Pi + Pi 



,, Pi X Pi Pi X Pi 


It can then be sho^\Ti that 





With P| knowTi, the value of K can readil}’' be calculated. The 
two upper points on the curve were used in this determination, 
since the experimental errors are less than those for the lowest 
activit3\ The value of the constant so determined is 1 X 10 “® 
mole liter^h Since the rate of the reaction is limited by the tri- 
phosphopjTidine nucleotide concentration, it is assumed that most 
of the flavoprotein is in the oxidized state during the course of 
the reaction. The dissociation constant is therefore that for the 
oxidized form. 

B3* the same sort of calculation we have determined the disso- 
ciation constants for the *^old” and “new” ^’’ellow enzymes. These 
values together with those for the c^^tochrome reductase and 
amino acid oxidase are as follows: 

Cytochrome c reductase IX 10^ mole X liter“^ 

New” yellow enzyme 27 X 10^ “ X “ 

“Old” “ “ 60 X 10~« “ X “ 

Amino acid oxidase 250 X 10~5 “ X “ 

The value for the dissociation constant of the amino acid oxidase 
vas determined by Warburg and Christian ( 18 ). The 03^:0- 
chrome reductase is considerably more stable with respect to dis* 
sociation than are these other flavoproteins. 

Prosthetic Group of Cytochrome c Reductase Exchanged vnth That of 
‘^Old” Yellow Enzyme 

^ preparation of “old” 3"ellow enz3Tiie was made b3" Mr. H. 
Persky of this laboratory according to the directions given by 
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Warburg and Christian (1). The- enzyme was further purified 
by adsorption on aluminum hydroxide gel and subsequent elu- 
tion with (NH 4 ) 2 S 04 , a method first suggested by Kuhn and 
Sorensen (19). 

The prosthetic group of the “old” yellow enzyme, alloxazine 
mononucleotide, was obtained by following the directions of 
Theorell (13). 

To obtain the protein component, it was necessary to purify 
the enzyme to a greater extent than for the preparation of the 
prosthetic group. This w^as carried out by adsorption wth 
Ca3(P04)2. 

4 cc. of the “old” yellow enzyme as previously prepared (3.6 X 
10~’ mole) were dialyzed for 2 days. The enzyme was then ad- 
sorbed on 250 mg. of Ca3(P04)2 gel. After centrifugation the 
calcium phosphate with the adsorbed enzjone was w’ashed with 
0.05 M phosphate buffer, pH 6.1. The enzjune was then eluted 
twice mth 3 cc. of alkaline (NH 4 ) 2 S 04 . 

The protein w^as separated from the prosthetic group by the 
method of Warburg and Christian (18) w^hich involves the split- 
ting with acid in ammonium sulfate solution. 

Prosthetic Group of “Old” Yellow Enzyme Replacing the Prosthetic 
Group of Cytochrome c Reductase — To determine whether the 
prosthetic group of cytochrome c reductase is alloxazine mono- 
nucleotide the prosthetic groups of both the “old” yellow' enzyme 
and of the reductase w'ere added to an excess of the reductase 
protein. Under these conditions the reaction velocity is a function 
of the flavin concentration. The activities of the two flavins 
were compared by the test previously described (Table IV). The 
results are given in Table VII. 

These results show that the activities of the two prosthetic 
groups are quantitatively the same and that in all likelihood the 
prosthetic group of cytochrome c reductase is alloxazine mono- 
nucleotide. 

Prosthetic Group of Cytochrome c Reductase Replacing the Pros- 
thetic Group of “Old” Yellow Enzyme — In the following experiment 
the prosthetic groups of both yellow enzymes are combined with 
the protein of the “old” yellow enzyme. The activities of these 
synthesized enzymes were determined manometrically under the 
conditions described by Theorell (13). The results are apparent 
in Table VIII. 
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In Experunents 3 and 4 of Table ^^II it is again demonstrated 
that the actmties of the two prosthetic groups are the same within 
experimental error, and that they are very probably identical. 
The determination reported in Experiment 5 was made to demon- 
strate that excess protein was present; that the flavin determines 
the rate of oxj-gen uptake. 

Prosthetic Group of Cytochrome c Reduda^e Replacing That of 
d-Amino Acid Oxidaee 

The pre\nous experiments leave little doubt that the prosthetic 
group of cytochrome c reductase is alloxazine mononucleotide. 


Table VII 
Aclxvity of Flavinz 


Protein^,,. = 0.92 y per cc. 


Flann of cjiocHrotae reductase, 

0.31 X mole per cc. 

Flavin of '*o!d** yellaw’ enxyme, 

0.31 X 10^ mole per cc. 

( 1 

8 + losCCyre*++) 

AloriCyFe*^) 

n 

8 + Ios(CyFe^) 

1 

AlcziCyTe^) 




At 

mn. j 



tnin. 

■■■ 


0 

0.710 


0 1 



1 

0.663 


1 

B^B 

0.045 

2 

0.625 


1 2 

B^B 

1 0.042 

3 

0.583 

0.042 

3 


0.042 

4 

0.542 

0.042 

i 4 

0.551 

0.040 

6 

0.490 

0.044 

5 

0.528 

0.041 

Average 

0.044 



0,042 


Nevertheless we tested it in the foUo^\Tng system which is specific 
for alloxazine-adenine dinucleotide, the prosthetic group of 
rf-amino acid oxidase. Alloxazine-adenine dinucleotide was pre- 
pared by Mr, B. Block of this laboratory according to the direc- 
tions given by Warburg and Christian (18). The protein com- 
ponent of the amino acid oxidase was made in accordance with 
the procedure of Negelein and Bromel (14). The results of these 
experiments are contained in the Table DC. 

In every test we have found the prosthetic group of cytochrome c 
reductase to have the same activity as alloxazine mononucleotide, 
"nie results of Table IX show clearly that it is not alloxazine- 
adenine dinucleotide. 













Table VIII 

Replacement of Prosthetic Group of “Old" Yellow Enzyme by Thai of Cytochrome Reductase 
Protein == protein of "old" yellow enzyme; 38"; cup, 0.1 cc. of 2 rr EOH; gas space, oxygen. 
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Tadle IX 

Proslhclxc Group of Cytochromo c Rcduclaso Replacing That of d-Amttw Acid Oxidase 
Protein » protein of d-atnino acid oxidaao; 38®; cup, 0.1 cc. of 2 *v KOII; gna phnao, oxygen. 
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Determination of Phosphorus Content of Prosthetic Group 

To confirm the conclusion that the prosthetic group is alloxazine 
mononucleotide, we determined the number of phosphorus atoms 
per molecule of flavinc.r.. In alloxazine mononucleotide this 
number is 1 and in the dinucleotide it is 2. 

The phosphorus determination Avas carried out according to the 
folloAving procedure. To 2.0 cc. of the solution containing 0.668 X 
10“^ mole of enzyme, 0.1 cc. of 40 per cent trichloroacetic acid 
was added. Under these conditions the enzyme is split and the 
protein precipitated. After centrifugation the protein was washed 
with 2 cc. of 2 per cent trichloroacetic acid and discarded. The 
supernatant and the wash solution which contain the prosthetic 
group were combined and evaporated to dryness. The residue 
was digested with 1.0 cc. of 10 N H2SO4 and a drop of perhydrol. 
Water, molybdate, and sulfonic acid reagent were added in accord- 
ance with the procedure given in the folloAving paper (20). The 
blue phosphomolybdate complex was developed by heating to 
100° and from the light absorption at 670 mu {h/I = 2.47) in a 
1.98 cm. cell the amount of phosphorus was calculated to be 2.5 7. 

The 2.5 7 of phosphorus correspond to 0.80 X 10~" mole of phos- 
phorus. The proportion of phosphorus to flavin = 0.80/0.668 = 
1.2. In view of the fact that the enzyme had been treated with 
phosphate during preparation, it is understandable that this ratio 
could be somewhat high, but this result together with all the fore- 
going experiments indicates that the prosthetic group contains 
1 phosphate atom per molecule and is alloxazine mononucleotide. 

DISCUSSION 

The very high activity of cytochrome c reductase both in 
oxidizing reduced triphosphopyridine nucleotide and in reducing 
oxidized cytochrome c makes it seem highly probable that this 
enzyme constitutes a missing link in the oxidation-reduction chain. 
Although the potential of cytochrome 6 lies between that of 
cytochrome c and the flavoproteins, there is now no necessity to 
include it in this part of the oxidation mechanism. The enzymatic 
functions of both cytochromes a and 6 are therefore still left to 
be elucidated. 

The fact that the prosthetic group of cytochrome c reductase 
is alloxazine mononucleotide places this coenzyme in a more sig- 
nificant position as a biologically important compound. The only 
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other know-n flavoprotcin having this same prosthetic group is 
the ''old” yellow enzyme. 

In view of the unstable nature of cytochrome c reductase it is 
now easy to understand the reason that this substance previously 
escaped detection. If cytochrome c reductase is subjected to the 
same treatment as that used in the isolation of other flavoproteins, 
its activity toward cytochrome c is destroyed. In the preparation 
of the "old” yellow enzyme Warburg and Christian kept their 
product in 33 per cent acetone for 21 hours Under these condi- 
tions cytochrome c reductase loses its activity- completely in less 
than 1 hour. Another of their purification steps involves shaking 
for 21 hours at 3S°. The activity of our enzyme in reducing C3"to- 
chrome c Ls diminished to the extent of 37 per cent when kept for 
10 minutes at 40®. Since we liavc not yet studied the reaction 
between the reductase and molecular oxj'gcn, we are not in a posi- 
tion to make any statement regarding the stability of our enz}Tne 
in its reaction vdth oxj’gcn. Inasmuch as the free f^a^^n is 
autoxidizablc, it is conceivable that the actmty of our enz3Tne 
toward C3lochromc c ma}' be dcstro3'cd while that toward 0X3’gen 
may not. 


SUMMARY 

1* A new flavoprotcin, C3lochrome c reductase, which com- 
pletes the oxidation-reduction chain between hexose monophos- 
phate and cytochrome c is reported. 

2. A method for isolating this enz3’mc from y^’east is described. 

3. The molecular weight of the cnz3Tne was determined to be 
about 75,000. The purit}" of the final product was found to be 
about 87 per cent. 

4. The absorption spectrum and the method of titrating 03^:0- 
chrome c reductase by C3i:ochrome c are described. 

5. The anal3rtical method, based upon spectrophotometric rate 
determinations, is given, together vdih a somewhat general treat- 
ment of the kinetics involved in the test. Minimum values of 
fhe rate constants are determined and it is demonstrated that 
C3lochrome c reductase reacts specificall}^ with C3’tochrome c, 
whereas the "old” or "new” 3"ellow enzjunes do not. 

6- The enzyme can be split into a protein and a prosthetic group 
^bich is alloxazinc mononucleotide. By recombining these the 
enzyme can be res3mthesized. 
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7. The evidence that the prosthetic group is alloxazme mono- 
nucleotide is given by the interchange of the prosthetic groups of 
cytochrome c reductase, the “old” yellow enz3'-me, and the amino 
acid oxidase. This is supported by a determination of the phos- 
phorus in the prosthetic group. 

8. The constant for the dissociation of the oxidized form of the 
enzyme into its protein and alloxazine mononucleotide is deter- 
mined to be 1 X 10“® mole liter~h This enzyme is considerably 
less dissociated than anj'- of the other yellow enzymes. 

9. The enz3Tne is very unstable with respect to low pH and 
to denaturation by heat. 

10. A method is given for determining very small amounts 
(10“® 7) of alloxazine mononucleotide. 

We are particularly indebted to the Rockefeller Foundation, 
without whose help this work could not have been carried out 
by us. We also wish to acknowledge the help received from 
Drewry’s, Ltd., Anheuser-Busch, Inc., the Canadian Breweries, 
Ltd., and the Works Progress Administration. 

BIBLIOGRAPHY 

1. Warburg, 0., and Christian, W., Biochem. Z., 254, 438 (1932); 266, 

377 (1933). 

2. Haas, E., Biochcm. Z., 298, 378 (1938). 

3. Theorell, H., Biochem. Z., 288, 317 (1936). 

4. Straub, F. B., Biochem. Z., 33, 787 (1939). 

5. Corran, H. S., Green, E. E., and Straub, F. B., Biochem. 33, 793 

(1939). 

6. Warburg, 0., Christian, W., and Griese, A., Biochem,. Z., 282, 157 (1935). 

7. Robison, R., and Morgan, W. T., Biochem. J., 24, 119 (1930). 

8. Negelein, E., and Gerischer, W., Biochem. Z., 284, 289 (1936). 

9. Keilin, D., and Hartree, E. F,, Proc. Roy. Soc. London, Series B, 122, 

298 (1937). 

10. Theorell, H., Biochem. Z., 285, 207 (1936). 

11. Willstatter, R., and Kraut, H., Ber. chem. Ges., 66, 1117 (1923). 

12. -Utkin, L., Biochem. Z., 267, 65 (1933). 

13. Theorell, H., Biochem. Z., 278, 263 (1935). 

14. Negelein, E., and Bromel, H., Biochem. Z., 300, 225 (1939). 

15. Kekwick, R. A., and Pedersen, K. 0., Biochem. J., 30, 2201 (1936). 

16. See Svedberg, T., Nature, 139, 1060 (1937). 

17. Haas, E., Biochem. Z., 290, 291 (1937). 

18. Warburg, 0., and Christian, W., Biochem. Z., 298, 150 (1938). 

19. Kuhn, R., and Sorensen, N. A., Angew. Chem., 61, 465 (1938), 

20. Horecker, B. L., Ma, T. S., and Haas, E., J. Biol. Chem., 136, 775 (1940). 
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(Fron the George Uerherl Jones Chemical lyihoratory of the Unhersity of 
Chicago, Chicago) 

(Received for publication, June 15, 1940) 

During the course of studies on enzymes in this laborator}' (1), 
it became desirable to have a method of determining quantitatively 
small amounts (about 1 7) of phos])liorus in protein. The avail- 
able methods were unsatisfactory either because the\’ demanded a 
larger sample than could be prepared conveniently or because the 
excess sulfuric acid necessary for digestion interfered with the 
determination. Kuttner and Cohen (2) have reported a method 
which allows the determination of as little as 2.5 7 of phosphorus, 
but the amount of sulfuric acid which is permitted during the 
phosphorus determination is insufTicicnt for the preceding diges- 
tion. Bcrenblum and Chain (3) were able to determine less than 
1 7j but their method has the disadvantage that it involves an 
extraction with small volumes of isobutyl alcohol. 

B}' modifying the method of Fiskc and Subbarow (4) and b\’ 
using the photoelectric spectrophotometer described b}' Hogness, 
Zscheile, and Sid well (5), 1 7 of phosphorus can be determined 
with an accuracy of per cent. In order to insure complete 
digestion and to avoid any loss of phosphorus, a larger quantity 
of sulfuric acid is used. The final concentration of sulfuric acid 
Is 2 X instead of 0.5 n as specified in the original method. The 
blue color of the reduced phosphomol3^bdic acid complex is 
developed b}^ heating, as recommended b^’' Benedict and Theis (6). 
At room temperature the color is stable for several hours. The 
color intensity is determined spectrophotometricallj' and the 
amount of phosphorus in the sample read from the standard 
determination. 
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EXPEEIMENTAL 

Reagents — The following reagents are prepared according to the 
directions of Fiske and Subbarow. 

1. 2.5 per cent ammonium molybdate. 

2. 0.25 per cent 1, 2, 4-aminonaphtholsulfonic acid in 15 per 
cent sodium bisulfite and 0.5 per cent sodium sulfite. 

Determination of Unknown Sample — A sample containing 1 to 5 7 
of phosphorus (corresponding to 2 to 10 mg. of dry weight in the 
case of enzyme preparations) is digested with 1 cc. of 10 n sulfuric 
acid and a drop of perhydrol. The resulting colorless solution is 
diluted and 0.5 cc. of molybdate solution and 0.2 cc. of naphthol- 
suKonic acid reagent are added. The final volume is then brought 
to 5 cc. The solution is heated for 20 minutes in boiling water, 
cooled, and the light absorption at 6700 A. determined in an 
absorption cell having a length of 2.0 cm. 

Determination of Standard Phosphorus — A blank solution and 
standard solutions containing 2, 4, and 6 7 of phosphorus are 
treated with H2SO4 and perhydrol. After formation of the phos- 
phomolybdic acid complex the light absorption is determined as 
above. The values of log Jo// are plotted against the amounts 
of phosphorus. A straight line is obtained. The standard solu- 
tions need be determined only once and the phosphorus content 
of an unknown sample can be read dmectly from the graph. 

The authors wish to acknowledge them indebtedness to the 
Rockefeller Foundation for the support of the project in which 
this work developed. 
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CYTOCHROME C PEROXIDASE 
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As the result of a study of the raechanism of the oxidation of 
reduced cytochrome c it was found that cj'tochrome c was readil}^ 
oxidized by ver}' small concentrations of h 3 ’drogen peroxide 
through the intermediation of an extremely’ active peroxidase. 
Further investigation resulted in the isolation and purification of 
a heretofore unreported cnzjmc, cj'tochrome c peroxidase, which is 
specific toward reduced cv'tochrome c. The source of the peroxi- 
dase used in this investigation was bakers’ yevisL 
Peroxidase preparations have been investigated in the past, 
but it has not been demonstrated that these react with an}' of the 
important components of the respiratory system. The test for 
the activity of a peroxidase has usually been that of determining 
its ability to catalyze the reaction between hydrogen peroxide 
^d pyrogallol. The enz}Tne, cytochrome c peroxidase, is inactive 
toward pyrogallol, while conversely peroxidase prepared from 
horseradish root, is not active toward cytochrome c. 

la this report we shall describe the chemical properties of 
cytochrome c peroxidase, its constitution, as far as we know it, 
and the method of its isolation and purification. Due to the 
'^asuspected contamination of reduced cytochrome c with hydrogen 
peroxide produced in the preliminary reduction, this enzyme was 
thought to be a soluble cytochrome oxidase and was erro- 
neously reported as such in previous communications (1, 2). 

Analytical Test 

The over-all reaction for the oxidation of reduced cytochrome c 
hydrogen peroxide is expressed by the stoichiometric equation, 

2CyFe++ + HaO, + 2H+ = 2CyFe'^ + 2 H 5 O (D 
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In this equation reduced cytochrome c is denoted by CyFe'’'+ and 
the oxidized form by CyFe+++. The rate of oxidation of the 
cytochrome, besides being dependent upon the cytochrome c and 
hydrogen peroxide concentrations, is a function of the concen- 
tration of the enzyme, cytochrome c peroxidase. This fact is 
the basis of the test for measuring the cytochrome peroxidase 
activity. 

As shall be shown experimentally, the rate of oxidation of 
reduced cytochrome c is directly proportional to the concentra- 
tions of cytochrome c and the peroxidase. This proportionality 
is expressed in the following rate equation, 

_ = i?:(CyFe-H-) {E) (2) 

ul 

in which K is the rate constant and {E) the concentration of the 
peroxidase. Under the conditions prevailing in the test the rate 
of the reaction is practically independent of the concentration 
of the hydrogen peroxide which is present in large excess. There- 
fore the equation may be written, 

- « A'CCyFe-H-) {E) (3) 

at 


or 


( 4 ) 

dt 2*3 

In any one experiment the peroxidase concentration (E) does not 
vary and d log (CyFe++)/d^ therefore remains constant during 
the course of the reaction. A plot of log (CyFe'^'^) against time, t, 
should give a straight line. In Fig. 1 the results of a typical 
experiment show that this is the case. The activity of the enz5rme 
is determined by the slope of the line in such a plot. A plot of 
the slopes of such straight lines obtained for different peroxidase 
concentrations against the enzyme concentration (E) should also 
give a straight line. This relationship is shown in Fig. 2 in which 
slopes or values of d log (CyFe++) /dt obtained for different enzyme 
concentrations appear as functions of the added enzyme. The 
rate of the reaction may also be a function of the H"*" ion concen- 
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tration, but since all tests arc made at a constant buffered pH, 
the dependence on pH is not involved. 

A cytochrome peroxidase unit of activity is defined as that 
amount of peroxidase which gives a value of 1 min.^' for— d log 
{CyTc^^)/dt. Tile relative purity of any preparation is deter- 
mined by the number of enzyme unitv«j per mg. of protein and is 
denoted b}* the sjTnbol, Q. 



^ typical plot showing the method used to determine the rate 
0 oxidation of reduced cytochrome c by hydrogen peroxide as catalyzed by 
cytochrome c peroxidase. 


A spectrophotometric method was used to determine the con- 
c^tration of^reduced cytochrome c. Monochromatic light, wave- 
5500 A., corresponding to the peak of the a. band of reduced 
Qtochrome c was used for analysis. For a mixture of oxidized 
and reduced cytochrome c the relationship between light absorp- 
lon and concentration is expressed by the equation, 


Log 



= aoiCyTe^n 


(5) 
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in which and are the extinction coefficients of oxidized 
and reduced cytochrome respectively; I is the length of the absorp- 
tion cell. After all the cytochrome has been oxidized, 

bog (6) 



Fig. 2. The rate of oxidation of reduced cytochrome c by hydrogen 
peroxide as a function of the concentration of cytochrome c peroxidase. 


(Cyt) is the total concentration of cytochrome. When Equations 
5 and 6 are combined, the concentration of reduced cytochrome 
at any time is given by Equation 7. 


(CyFe++) = 



(ajj — ao)l 


(7) 


The cytochrome c used in the tests was prepared from horse 
heart according to the method of Keilin and Hartree (3). After 
dialysis, the cytochrome c was precipitated wth 4 volumes of 
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cold acetone and dried in vacuo. Stock solutions for the test were 
made by dissolving 100 mg, of cytochrome c in 5 cc. of 0.01 n HCl. 

The following is the procedure used in carrying out the test 
illustrated in Fig. 1. Cytochrome c from the stock solution is 
diluted with 0.02 m phosphate bufTcr, of pH 7.4, to a concentra- 
tion of 1.5 X 10“® mole per cc. For reproducible results, it is 
important that the bufTcr concentration be low and that the same 
total cytochrome c concentration be used for all tests. The 
diluted cytochrome c solution is reduced with hydrogen and 10 per 
cent palladium asbestos and then filtered. It is not necessary to 
add hydrogen peroxide to the test solution, because enough is 
formed from the dissolved oxygen during the reduction (4), The 
concentration of hydrogen peroxide formed in this reduction is 
4.5 X 10“® mole per cc. — a 6-fold excess over that of the cyto- 
chrome c. 

To 3 cc. of the filtered solution in a 1 cm. absorption cell is 
added 0.1 cc. of enzyme solution containing enough peroxidase to 
cause complete oxidation of the reduced cytochrome c in about 5 
minutes. Log Iq/I is then measured with the spectrophotometer 
(o) at appropriate intervals of time. Finally, to obtain con- 
veniently the value of log (Zo//)«,0.05 cc. of 10“® m potassium ferri- 
cyanide solution is added to oxidize the c\^tochrome c completely. 
The values of logCC^-Fe^**") are tlicn calculated and plotted against 

and a straight line is obtained. From the slope of this line the 
concentration of the enzyme in the particular preparation is deter- 
nuned. Reduced cytochrome c is oxidized very slowly in the 
absence of the enz 3 'me. This rate should be determined in a 
control experiment and the appropriate corrections made. 

Isolation and Purification 

Starting Material — Bakers^ 3 *east affords a rich source of c\’to- 
chrome c peroxidase. Anheuser-Busch's bakers’ 3 "east, after being 
washed, pressed, and dried overnight on copper screens, is fineb' 
ground in a coffee-mill. Since dry 3 'east slowb' loses its activit 3 % 
Ihe 3^east should alwa 3 ’’s be dried a short time before using. 

The following procedure is based upon the results of a large 
Humber of preparations. The numerical figures for purity and 
3Held represent average values. 

Step 1. Extraction by Atttolysis—5 kilos of dried yeast are 
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added to 15 liters of distilled water and the mixture is allowed to 
digest at 25° for 24 hours. (The extraction time varies somewhat 
for different batches of yeast, and it is advisable to determine 
the optimum time by means of a small test run before beginning 
the large preparation.) After 24 hours, the suspension is cooled 
and centrifuged. 6 liters of cloudy supernatant liquid (Solution A) 
are obtained. This may be kept at 0° for at least 2 days without 
any loss of activity. Activity 400,000 enzyme units; Q = 1. 

Step 2. Ammonium Sulfate-Trichloroacetic Acid Precipitation- - 
Hereafter, all operations are carried out at 0°. To 6 liters of 
Solution A are added 2.1 kilos of ammonium sulfate (350 gm. 
per liter) and 330 cc. of 20 per cent trichloroacetic acid (55 cc. 
per liter). A heavy precipitate forms. After standing at 0° for 
5 hour, the mixture is centrifuged and the supernatant liquid is 
discarded. The precipitate is extracted twice with a total volume 
of 1.2 liters of water. After centrifugation, the extracts which 
contain the enzyme are combined, the pH adjusted to 3.8, and 
then the solution is dialyzed for 12 to 15 hours against cold, run- 
ning, distilled water. The cloudy dialysate is clarified bj’' cen- 
trifugation, yielding 1620 cc. of clear brown solution (Solution B), 
180,000 enzyme units; Q = 15; purification 15-fold; yield 
45 per cent. 

Step S. Alcohol Fractionation — After Solution B has been 
diluted until the dry weight is 5 mg. per cc., the pH is adjusted 
to 4.2. To 3240 cc. of this solution are added 810 cc. of ice-cold 
95 per cent ethyl alcohol, the total alcohol concentration then 
being 19 per cent by volume. After standing at 0° for 15 minutes, 
the precipitate is separated by centrifugation and discarded. To 
the clear supernatant are added 1350 cc. more of cold alcohol to 
bring the concentration of the latter up to 38 per cent. Again 
the mixture is allowed to stand at 0° for 15 minutes and then it is 
centrifuged. The resulting red-brown precipitate is dried in vacuo 
in the refrigerator. The dry powder so obtained may be stored 
in a desiccator at 0° for several months without loss of activity. 
(It has proved convenient to stop at this point in the preparation 
and store up large quantities of the dry powder before going ahead 
with the purification.) 2.5 gm. of dry powder are extracted with 
125 cc. of cold distilied water. After the mixture is centrifuged 
and the insoluble residue discarded, 120 cc. of a red, cloudy solu- 
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tion (Solution C) arc obtained. 72,000 cnzjTnc units; Q = 75; 
purification 5-fold; yield *10 per cent. 

Siq) 4- Adsorption and Elution — To 120 cc. of Solution C are 
added 24 cc. of y aluminum hydroxide (6). (The aluminum 
hydroxide has a dry weight of 7.6 mg. per cc.) .^Vftcr standing 
for 5 minutes, the mixture is centrifuged, and the supernatant 
liquid discarded. The precipitate is waslicd three times, each 
time with 120 cc. of water; the wasli water is discarded. The 
en2}Tne is then eluted from the aluminum hydroxide wdth suc- 
cessive lots of 3 cc. of IS per cent saturated ammonium sulfate 
until the last cluatc appears perfect I3* colorless. Five elutions 
generally suffice. The brown-colored cluates arc combined and 
dialyzed for 3S hours against cold, ninning, distilled water. A 
precipitate which forms during dialysis is removed by centrifuga- 
tion, lca\dng 20 cc. of clear brown solution (Solution D). This 
solution is vcr\’ stable and^ may be kept for several weeks at 0°. 
25,000 enzvnne units; Q = 450; purification 6-fold; ^rield 35 
per cent. 

Step 5. Alcohol Prccipitalion — To 20 cc. of Solution D, 0.2 cc. 
of 0.1 M acetate buffer of pH 4.63 is added. The resulting pH is 
about 4.7. Then 7 cc, of alcohol arc added at 0® to bring the 
alcohol concentration to 25 per cent. After standing at 0° for 
2 hour the suspension is centrifuged, and the browm precipitate 
dried in vacuo in the refrigerator. The dry powder is extracted 
^th 4 cc. of cold water. After centrifugation the residue is 
discarded and a clear, dark brown solution (Solution E) is obtained. 
12,500 enzyme units; Q = 800; purification 1.8-fold; yield 50 
per cent. 

The over-all purification of 800-fold is obtained with a 3.2 per 
cent jield. The degree of purification is based upon the concen- 
tration of the enzjTne in the original extract and not upon the 
whole yeast. 


Absorption Spectrum 

The purest preparation obtained had a brown color and gave 
c spectrum shown in Fig. 3. Absorption peaks were found at 
00 and at 4100 A^ Upon reduction with sodium hydrosulfite, 
disappeared and new peaks appeared at 
5 and 5600 A. The absorption in the ultraviolet region is 



784 


Cytochrome c Peroxidase 

typical for proteins; that in the visible region, for hemin com- 
pounds. This spectrum is similar to that of peroxidase obtained 
from horseradish (7). 



2500 3500 4500 5500 6500 7500 

WAVE-LENGTH W A.a 

Fig. 3. Spectra of oxidized and reduced cytochrome c peroxidase prepa- 
ration. 

Cytochrome c-Hydrogen Peroxide Reaction 

In order to demonstrate conclusively the function of the enzyme, 
it was necessary to obtain reduced cytochrome c free of both hydro- 
gen peroxide and any substrate which might react rapidly mth 
the hydrogen peroxide or which might otherwise inhibit the enzyme.. 
The method of reduction which was found to be most satisfactory 
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was the cnz}’inatic procedure described by Haas, Horecker, and 
Hogness (S). By the proper adjustment of the concentrations of 
the reactants (licxosc monophosphate, Zxnschaifcnncntj triphos- 
phopjTidinc nucleotide, and cytochrome reductase), the rate of 
reduction of cytochrome c can be made as slow as desired. In the 
following experiments, the cytochrome c was completely reduced 
in about 12 hours. 

Ch'tochromc c so reduced exhibits no measurable rate of autoxi- 
dation. The addition of a large amount of cytochrome c peroxi- 
dase to this solution of reduced cytochrome c causes no oxidation. 
Since the cytochrome c solution is saturated with air, oxygen 
obriously is not an oxidant with this cnz^mie. If the reduced 
c}iochrome c is mixed with an axccss (10- to 20-fold) of hydrogen 
peroxide, it is vciy* slowly autoxidized. Upon addition of both 
hydrogen peroxide and cnz\nnc, however, the rate of oxidation is 
ver}’ rapid. This is illustrated by the following experiment, 
3cc. of reduced cytochrome c (concentration = 1.4 X 10“^ mole 
percc.) were mixed with 0.1 cc. of solution containing 26.8 X 10'“® 
mole of h 3 -drogen peroxide. This was a 12.5-fold excess of the 
latter. The rate of oxidation of the reduced cytochrome was 
measured in the spectrophotometer. G minutes after the first 
reading, 0.1 cc. of an enz^’^mc preparation (O.OSS enzyme unit) 
^as added. The increase in rate as shown in Fig. 4 demonstrates 
fhe catalytic action of the enzyme. 

In the foregoing case, a small amount of enzyme was used in 
order to obtain a measurable rate. If larger amounts (1 or more 
onzjTne units) are added, the oxidation of cytochrome c is instan- 
tan^us. With such large concentrations of enzyme, it is possible 
fo titrate reduced cyTochromc c with hy^'drogen peroxide. 

The titration of the reduced form of cytochrome c was carried 
out^as follow's: 3 cc. of a reduced cytochrome c solution (2.95 X 
0 ® mole per cc.) w'hich w^as about 30 per cent reduced w^as placed 
^ a 1 cm. absorption cell. To this w’as added 0.1 cc. (110 enzyme 
nmts) of a peroxidase preparation of Q = 710. This caused no 
oxidation of the cy^tochrome c. Hy’’drogen peroxide was added 
^ small amounts, 0.335 X 10“® mole at a time, and log h/I 
otermined immediately after each addition. When all the cyto- 
0 ome c w’as oxidized, further addition of hydrogen peroxide 
produced no change in the absorption. Log Jo// was corrected 
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for dilution, and the total amount of reduced cytochrome c remain- 
ing after each addition of hydrogen peroxide was then calculated. 

The solid line in Fig. 5 is the theoretical curve calculated with 
the assumption that the reaction between reduced cytochrome c 
and hydrogen peroxide proceeds according to Equation 1. The 
experimentally determined points coincide with this line. Obvi- 
ously, this reaction can be used in the determination of small 
amounts of hydrogen peroxide and was so used to determine the 



Fig. 4. Experiment demonstrating the activity of cytochrome c peroxi- 
dase. 

amount of hydrogen peroxide formed in the catalytic reduction 
of cytochrome c by hydrogen and palladium. 

The above experiments demonstrate the enzymatic function of 
cytochrome c peroxidase. It catalyzes the reaction between re- 
duced cytochrome c and hydrogen peroxide. 

Comparison of Peroxidases 

Since Willstatter’s early work on peroxidase, the standard test 
for peroxidase activity has been a determination of its activity 
as a catalyst for the oxidation of pyrogallol to purpurogallin by 
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hydrogen peroxide. Cytochrome peroxidase, ho^Ycvcr, does not 
catalyze this reaction. To determine whether peroxidase as ob- 
tained from horseradish root has any catalytic activity upon the 
oxidation of cytochrome c, a preparation of this enzyme was made 
by the method described by Elliott (9). Tlmt this peroxidase is 
inactive toward cytochrome c is shown by' the following results 



^^iG. 5. Titration of the reduced form of cytochrome c by hy’drogen 
peroxide. The solid line is the theoretical curve calculated with the as- 
^^ption that the reaction between reduced cy^toebrome c and hydrogen 
peroxide proceeds according to Equation 1. The points were determined 
e^erimentally. 


J^hich simimarize the experiments comparing the activities of 
orseradish and cytochrome c peroxidases: cytochrome c peroxi- 
‘^e, PZ 0.9, Q 800; horseradish peroxidase, PZ 130, Q 4.3. (PZ, 
c purpurogallin number, is defined as the number of mg. of 
Pmpurogallin formed in 5 minutes at 20° by 1 mg. of peroxidase 
preparation, from 12.5 mg. of hydrogen peroxide and 1.25 gm. 
® Pyrogallol (10).) The very small activity of cytochrome c 
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peroxidase toward pyrogallol and that of horseradish peroxidase 
toward cytochrome c are negligible. Thus it is clear that these 
two are distinctly different enzymes. 

Properties of Cytochrome c Peroxidase 

Heat Lability — Both the original extract and the purified solu- 
tion have about the same sensitivity to heat. 85 per cent of the 
activity of cytochrome c peroxidase is destroyed if the enzyme is 
kept at 55° for 5 minutes. 

Cyanide Inhibition — The enzyme is extremely sensitive to small 
concentrations of potassium cyanide; it is completely inhibited 
by 3 X 10~^ M KCN. Both the original extract and the purified 
preparation display the same sensitivity to cyanide. 

Salt Effect — The activity of this enzyme is affected markedly by 
the salt concentration of the test medium. An increase in the 
buffer strength of the test solution from 0.02 to 0.10 m phosphate 
results in an 87 per cent inhibition of the activity. This inhibition 
seems to be a general salt inhibition and not specific for phosphate 
ions, inasmuch as 0.10 m NaCl concentration inhibits the activity 
to the extent of 80 per cent. This effect recalls a similar result 
obtained in the study of the oxygen uptake of purified hemoglobin 
solution (11). Similar salt effects have been found for both 
catalase and horseradish peroxidase (12). 

Catalase Inhibition — As might be expected, catalase when pres- 
ent in relatively large amounts prevents the oxidation of reduced 
cytochrome c. If the catalase is present at a concentration which 
is of the same order of magnitude as that of the peroxidase, the 
rate of the reaction continually decreases with time because of 
the destruction of the hydrogen peroxide by the catalase. 

Chemical Constitution 

Hemin Content — The foregoing facts, that the spectrum of the 
cytochrome c peroxidase preparation has a hemin-like structure 
and that cyanide inhibits its activity, pointed to the likelihood 
that cytochrome c peroxidase is a hemin-protein compound. This 
conclusion was confirmed by experiments in which a reduced 
pyridine hemochromogen was produced from the enzyme when it 
was treated with pyridine and a reducing agent. The spectrum 
of the hemochromogen produced in this way was identical ■with 
that obtained from blood hemin. 
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In delcrmining the hemin content n modification of the method 
of Kuhn, Hand, and Florkin (7) \va,s used. To 0.5 cc. of a solution 
of the cnz}Tne in water, 0.03 cc. of 5 m NaOH, 0.1 cc. of p\Tidine, 
and 0.2 cc. of a neutralised 0.1 m solution of ascorbic acid were 
added. Tlic formation of the pink hcmochromogcn was complete 
^vithin 5 minutes. 

Reduced pyridine hemocliromogcn has absorption peaks at 
5275 and 5575 A. with a minimum at 5400 A. The leal solution 
was placed in a 1 cm. absorption coll and the extinction measured 
at 5400 and 5575 A. by means of the photoelectric spectropho- 
tometer. From these absorption data the concentration of hemin 
was calculated from the formula, 


(Hemin) « 




(aun — au^i) 


( 8 ) 


Measurements on a standard solution gave ajsTs — or^co = 27.3 
cm,* per mg. hemin. The concentration of hemin is expressed 
in mg. per cc. With this method it is possible accurateb" to deter- 
mine 1 7 of hemin. The use of ascorbic acid rather than sodium 
hydrosulfite as the reducing agent is desirable, inasmuch as the 
latter often causes a progressively increasing turbidity which inter- 
feres with the optical measurements. Also, by the use of the dif- 
ference in absorption between 5575 and 5400 A. rather than the 
absolute values, errors due to absorbing impurities and scattering 
of light are minimized. 

Sample 1 — A preparation having a value of (3 = 806 and a dry 
height of 1,81 mg. per cc. was analyzed for hemin b}' the above 
procedure. It contained 0.00542 mg. of hemin per cc. The per 
cent hemin was 0.30. 

Sample 2 — A preparation vdth a value of Q = 705 and a dry 
height of 2.653 mg. per cc. contained 0.00804 mg. of hemin per 
cc. The per cent hemin was 0.30. 

Thus two different samples of the peroxidase with not verj' 
^eatly different activities showed the same hemin content. The 
emin content of this sample of cyi:ochrome peroxidase may' be 
^mpared with the hemin content of both catalase and hemoglobin. 

c hemin content of catalase is 0.92 per cent, while that of hemo- 
Slo in is 3.4 per cent. This indicates that if the molecular weight 
c Cytochrome c peroxidase is the same as that of catalase the 
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purest preparations are about 30 per cent pure. On the other 
hand if the hemin to protein ratio is the same as that for hemo- 
globin a product of only 10 per cent puiity has been obtained. 

Copper Content — qualitative spectrographic analysis showed 
that, in addition to iron, significant amounts of copper were present 
in the purified enzyme preparations. A quantitative determina- 
tion of copper was therefore made. The method used was that 
of Eisler, Rosdahl, and Theorell (13). Doubly distilled water was 
used in making up the reagents. A few drops of 30 per cent H2O2 
were used instead of perchlorate to remove all color. The solu- 
tions of enzyme which were analyzed were Solution E preparations, 
obtained in step (5) of the purification, for which double distilled 
water was used to dissolve the dried alcohol precipitate. 

Sample 1 — 1 cc. of Solution E containing 2.65 mg. of protein 
and having a value of 705 for Q was found to contain 2.85 7 of Cu; 
per cent Cu = 0.11. 

Sample 2 — 1 cc. of Solution E containing 1.81 mg. of protein 
(Q = 806) was found to contain 1.56 7 of Cu; per cent Cu = 
0.086. 

Upon purification the copper content decreased slightly. This, 
however, is not in itself sufficient evidence to show that the enzyme 
does not contain copper. 

The sodium salt of diethyl dithiocarbamate is a specific inhibitor 
for copper catalysts. Kubowitz (14) has reported the complete 
inhibition of polyphenol oxidase by this reagent. Stotz, Harrer, 
and King (15) found that with a lOO-fold excess of inhibitor, the 
inhibition of copper-containing oxidases was 70 to 100 per cent. 
With a 150,000-fold excess of diethyl dithiocarbamate no inhibi- 
tion of cytochrome c peroxidase activity was. exhibited. It 
therefore seems highly probable that the copper found in the cyto- 
chrome c peroxidase preparations bears no relationship to the 
catalytic activity of the enzyme. 

, DISCUSSION 

From the data already at hand it is possible to make a com- 
parison of the rate of destruction of H2O2 by catalase with the rate 
of H2O2 utilization by the reaction involving cytochrome c per- 
oxidase. 

Under the conditions used in the test for peroxidase the initial 
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concentration of cytochrome c is L5 X 10“* mole per cc., the same 
order of magnitude as its concentration in skeletal tissue. The 
hydrogen peroxide concentration is 5 X 10*"* mole per cc. With 
this concentration of reactants and with a peroxidase preparation 
for which Q = SOO the rate at which hydrogen peroxide reacts is 
equal to 5 X 10“® mole per minute per mg. of enzyme. 

The destniction of 11:0- by catalase takes place in accordance 
with the rate equation 


di 




For crj'stalline beef catalase h = 30 and for horse catalase h = 
63. With an HiO: concentration of 5 X 10“® mole per cc., as in 
the peroxidase test, the rate of destruction of the HjO* is 7.5 X 


Tabli: I 

Rain of UtxUzaliorx of Hydrogen Peroxide 



HiOi per ms. cnzytno 
per znia. 

HjOj per eij:. hemin 
per min. 

Cytochrome c peroxidase 

ridf 

5.0 X 10“» I 
7.5 X 10“» 
15.8 X 10-‘ 

mole 

1G.7 X 10-* 
8.16 X 10-* 
17.2 X 10-> 

Beef catalase 

Horse catalase.. 



lO** mole per minute per mg. of beef catalase, and 15.8 X 
mole per minute per mg. of horse catalase. In the above the 
actinty of pure catalase has been compared with that of an im- 
pure sample of the peroxidase. A better comparison might be 
one invohnng the activity per mg. of hemin in the two enzymes. 
Fure catalase contains 0.92 per cent hemin, whereas the purest 
preparation of cyi:o chrome peroxidase contains 0.30 per cent. 

activities both on the basis of the hemin content and on the 
oasis of dry weight are given in Table I. On the basis of hemin 
content cytochrome c peroxidase has about the same activity as 
^ of horse catalase and a greater activity than that of beef 
catalase. 

Flry bakers^ yeast contains about 7 X 10^^® gni. of iron as 
catal^e per gm. of yeast (16), while 1 gm. of dry bakers’ yeast 
contains about 18 X 10~® gm. of peroxidase iron. In yeast there- 
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fore there is about a 250-fold excess of peroxidase over that of 
catalase. The determination of the peroxidase content of tissue 
\vill be somewhat difficult, inasmuch as both catalase and cyto- 
chrome oxidase interfere with the peroxidase test. 

The fact that the absorption spectrum of the cytochrome c 
peroxidase preparation is very much like that of horseradish 
peroxidase leads to the assumption that both of these enzymes 
have a similar structure. The proteins are not alike inasmuch 
as cytochrome c peroxidase is specific toward cytochrome c and 
is not active toward pyrogallol. The question may arise as to 
whether or not these two enzymes are identical; their different 
activities may be due to a combination of inhibitors and acceler- 
ators. The difference between the activity of these two enzymes 
could conceivably be explained by the assumption that the cyto- 
chrome c peroxidase consists of two enzymes which are necessary 
for the oxidation of cytochrome c together with an inhibitor which 
prevents the reaction with pyrogallol. This, however, seems very 
unlikely. We are therefore led to the conclusion that cytochrome 
c peroxidase and horseradish peroxidase are two different 
entities. 

Whether or not this enzyme is important in all respiratory sys- 
tems involving cytochrome c is at the moment not easy to ascer- 
tain. In fact, very little is known about the importance of hydro- 
gen peroxide itself in cellular respiration; nor has it ever been 
directly demonstrated that hydrogen peroxide is present in intact 
animal tissue. The implicit assumption has been made that any 
hydrogen peroxide produced in the respiratory process is de- 
stroyed by catalase. However, some respiratory systems do not 
contain large concentrations of catalase and, in such systems at 
least, cytochrome c peroxidase may play a significant r61e. Even 
in systems rich in catalase it is conceivable that the cytochrome c 
peroxidase, because of its very great activity, may successfully 
compete with catalase for the hydrogen peroxide. 

SUMMARY 

1. A new enzjrme, cytochrome c peroxidase, which specifically 
catalyzes the reaction between cytochrome c and hydrogen perox- 
ide is reported and the method for isolating it from bakers’ yeast 
is described. 
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2. The spcctropholomclric (csl for this peroxidase is described 
in detail. 

3. The absorption spectra of both the oxidired and reduced 
forms of the cnz}Tne preparation arc pven. 

4. A comparison between tlic activities of cytochrome c perox- 
idase and horseradish peroxidase toward botli cytochrome c and 
p\T0gallol is made and it is demonstrated that these enzj^mes arc 
two different entities. 

5. This cnzjTnc is inactivated by heating to 55° and its activity 
is completely inhibited by small amounts of cjmnide and to a 
much lesser extent by phosphates and chlorides. 

6. The purest preparations thus far obtained have a hemin 
content of 0.30 per cent. A modification of the method of Kuhn, 
Hand, and Florkin for the determination of hemin is described. 

7. There is no apparent rclation.ship between the copper content 
and the activity of the cn 2 > 7 nc preparation nor is the enzjTne 
inhibited by diethyl dithiocarbamate, which is specific toward 
copper. 

8. A comparison between the activities of c 3 'tochromc c per- 
oxidase and catalase shows that the peroxidase is as efficient as 
the most active catalase preparation in the utilization of hydrogen 
peroxide. 

9. Yeast is showm to contain about 250 times as much cyto- 
chrome c peroxidase as catalase. 
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LETTERS TO THE EDITORS 


SULFHYDRYL GROUPS OF SERUM ALBUMIN, 
SERUM, AND MILK 

Sirs: 

The maximal number of sulfhydr}i groups in many proteins is 
revealed in guanidine halide solutions.^*- These groups have been 
estimated by the porphyrindin-nitroprusside method.^ The 
porph}Tindin is standardized against C3'steine before, during, and 
after the titration of the protein. Rcccntl}", Anson has con- 
firmed our values for egg albumin in guanidine Iwdrochloride, 
using various oxidants as titrating agents.^ The agreement is 
satisfactorv^ and suggests that sulfh 3 'dr 3 d groups in proteins can 
be readil 3 " estimated when nitroprusside is used as an outside 
indicator. 

Serum albumin denatured b 3 " heat or b 3 ' urea gives no tests 
characteristic for sulfhydr 3 'l.^ In solutions of guanidine h 3 'dro- 
chloride, however, this protein gives a strong nitroprusside re- 
action. This striking diflercnce in the relative effects of urea and 
of guanidine h3"drochloridc confirms data alread 3 ^ given for other 
proteins.**^ The amount of — SH groups liberated in a 3 per cent 
solution of purified beef serum albumin in guanidine hydrochlo- 
ride was estimated b 3 ’’ the method described^ and the results 
expressed in terms of C 3 ^steinc per 100 gm. of protein. The 
C3'steine revealed was 0.34 per cent in 8 to 16 m guanidine hydro- 
chloride. Below 8 M guanidine less C 3 ’stcine w’as progressively 
revealed, and at 1 m the reaction for — SH was negative. The 
niinunal weight calculated from these data is 35,300. 

‘ Greenstein, J. P., J, BioL Chem., 125, 501 (1938); 128, 233 (1939); 130, 
519 (1939). 

* Greenstein, J. P., and Jenrette, W. V., J, NaL Cancer Inst. , 1, 91 (1940). 

* Greenstein, J. P., andEdsall, J. T., J. BioL Chem., 133, 397 (1940). 

^ Anson, M. L., J. BioL Chem,, 136, 797 (1940). 

Todrick, A., and Walker, E., Biochem. 31, 292 (1937). Hopkins, 

G., A'aturc, 126, 328, 383 (1930). 
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When solutions of the protein in concentrated guanidine hydro- 
chloride were allowed to stand exposed to the air for 2 hours, no 
diminution in the amount of — SH groups could be observed. 
This is similar to results of earlier work wth egg albumin,^ and 
indicates the absence of appreciable amounts of heavy metals from 
our preparations. Neutralized cysteine hydrochloride added to a 
solution of the native serum albumin in water could be estimated 
within 5 per cent. Rosenthal and Voegtlin have shown that the 
autoxidation of denatured egg albumin is negligible even in the 
presence of iron.® 

Serum or milk treated with 8 to 16 m guanidine hydrochloride 
gives a positive nitroprusside reaction. The cysteine revealed, 
calculated as mg. per mg. of protein nitrogen, is for sera as follows: 
rabbit 0.010, rat 0.004, guinea pig 0.009, and dog 0.010. Cow’s 
milk becomes nearly transparent when treated with guanidine 
hydrochloride and the cysteine revealed amounts to 0.008 mg. 
per mg. of protein nitrogen. Each fi'action of the serum pro- 
teins shows sulfhydryl groups; in milk the sulfhydryl reaction is 
found in the albumin and globulin fractions and not in casein. 
Studies of the sera of tumor-bearing animals will be reported 
elsewhere. 

National Cancer Institute Jesse P. Greenstein 

National Institute of Health 

Bethesda, Maryland 

Received for publication, November 1, 1940 


« Rosenthal, S. M., and Voegtlin, C., Puh. Health Rep., U. S. P. H.S., 
48, 347 (1933). 



OXIDATION OF GLYCOGEN BY BRAIN SUSPENSIONS 

Sirs: 


If glycogen is added to a suspension of rat brain, prepared b}* 
homogenization in the apparatus of Potter and Elvchjem,* a con- 
sderablc increase in the rate of oxygen uptake occurs. The 
mechanism of glycogen oxidation is evidcntl}' difTerent from that 
of glucose, since the cfTect of glycogen and glucose added together 
is, during the first 20 minutes of readings, almost exactl}* equal 
to the sum of their cfTccts when added separately. Nearlj^ pure 
^y matter behaves similarh' to whole brain. The concentra- 
tions of glucose (0.2 per cent) and of glycogen (0.7 per cent) used 
gave maximal cfTccts when added separately; increases in the 
concentration of either alone had no eficct. 


Pynivatc increases the rate of respiration more than does 
gluco^, but glucose and p^TUvate together do not give an}" 
additive effect, while pjTUvatc and gl 3 "cogen together give a com- 
pletely additive effect during the first 20 minutes. Hexose diphos- 
phate has no effect in the presence or absence of glucose or glycogen 
other than to cause a slight inhibition. 

The results obtained depend upon the method of preparation 
of the tissue. With slices of gray matter in Ringer-phosphate 
joedium^ the addition of glucose causes a very large increase in 
0 respiration rate, while glycogen addition has no effect. T\Tiole 
suspensions tested in NaCl-phosphato medium, isotonic 
^th sei^j show both the glucose and the glj'cogen effects. 

he tissue, whole brain or gray matter, is homogenized and 
^od in hjqjotonic medium, the respiration without addition is 
low, glucose has veiy little effect, and glycogen has an 
^creased effect. Evidently cytolysis allows the gl 3 "cogen to 
gam access to the enz 3 Tnes which attack it while disrupting the 
^ anisms which deal with glucose. In all cases, after 30 to 45 
^ ^ ^he respiration rate in the presence of gl 3 ^cogen, or 
alon^^^^ glucose, falls off more than in the presence of glucose 


hotter, V. K., and EIvchjcni, C. A., J, BioL Chem,f 114, 495 


(1936). 
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The table gives the results of typical experiments illustrating 
the above statements. 
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Mixed whole brain, 300 mg, fresh 










weight 

Homogenized in hypotonic solu- r 
tion and run in isotonic solu- < 

jjO^ 

94 

43 

33 

76 

78 

77 

101 


tion ^ 


50 

61 

16 

35 

72 

72 

54 

46 

Homogenized and run in iso- 


119 

61 

34 

88 





tonic solution 

Homogenized and run in hypo- 


55 

9 

52 

64 





tonic solution 










Gray matter, 300 mg, fresh weight 










Homogenized and run in hypo- 


86 

6 

69 

73 





tonic solution 










Gray matter, 22 mg. final dry 










weight (approximately 150 
mg. fresh weight) 










Slices in Ringer-phosphate | 


42 

14 

1 

I 

67 

118 






The observations here reported indicate definitely that at least 
two mechanisms of carbohydrate oxidation occur in brain, one 
appl3dng to glycogen and one to glucose. The possibility that 
other tissues behave similarly to brain in this respect will be 
tested shortly. 


Institute of the Pennsylvania Hospital 
Philadelphia 


K. A. C. Elliott 
B. Libet 


Received for publication, November 14, 1940 

















the source of carbon for urea formation* 

Sin: 

According (o the prevniling conrcpl rircn iLSdrTns 

through the ornithine-arginine cycle. C.arho 

generally been assumed to supply the c.arbon. 

The maction has no^v been invc.sligatod ^nth 
stable isotope C“. AYashed liver slices 

were shaken in 70 cc. of buficr vith added NI 4 > 0 ;r<irbonatc 

glucose, as described by Ivrcbs and HcnsclciY 'e. ^ 2 

of the buffer contained 17.2 atom per cent C exec. . 
hours shaking \vith osj-gen at 37“ the superna an 
deproteinized xvith alcohol containing 3 per cen ace ic -^ppec 
CO, thereby evolved contained 12.7 atom per ^ ^ 

■ A'ormal CO, was then passed through the solu ion 0 
trace of marked carbon dioxide which stil rpadue 

present. The solution was taken to drymess, an _ „ipo^o 1 
extracted with alcohol. Evaporation and extrac ion , , . 

were repeated three times and the residue ^ally 
10 ce. of water. Tins solution contained no detectable amounts 

of carbou dioxide* , ..r^ 

The urea present in the solution was decompose ^^Wion. 
and the CO* evolved was absorbed in banum by o. ^ ^ 

Tie KSultiBE 18 mg. of BaCO. conlamed 6,3 

excess; about half of tie carbon of the urea l.„frpr The 

been derived from the labeled bicarbonate o e nT^trinatins 

remainder might have been derived from the CO. °ngm^tmg 

from the tissue respiration. Neither the tota 

tissue slices nor the carbon of the amidine group o 

* This investigation was supported by a ^ j!!^oted to the X>ivi- 

Foundation and by a grant from the Friedsam F^d. donated to toe iJm 

Bionof Child Neurology, Neurological Institute, hi ew oo (iqq21 

* Krebs, H A., and Henseleit, K., Z. of 

* The authors are indebted to Dr. H* O- Urey 
tbe isotope. 
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isolated from the proteins contained any marked carbon above 
the error of the analytical procedure. The analyses of the isotope 
concentrations were carried out with a mass spectrometer. 

Department of Biochemistry D. Rittenbbrg 

College of Physicians and Snrgcons 
Columbia University 
New York 

Department of Biochemistry Heinrich Waelsch 

New York State Psychiatric Institute and Hospital^ 
and the Department of Neurology f Coluinbia Uni-- 
versity 
New York 


Received for publication, November 15, 1940 



A CONSTITUENT OF RAW EGG WHITE CAPABLE OF 
INACTIVATING BIOTIN IN VITRO 


Sirs: 

Recently^ the lissuos of chicks on a diet causing egg white 
injun* were showTi to be deficient in biotin (vitamin H) despite 
the abundance of this vitamin in the diet. The injur}" caused b> 
egg white was concluded to be due to the action of egg white in 
making biotin unavailable. 

It occurred to one of us (R. E. E.) that an inactivation of biotin 

egg white in vitro might be demonstrated. This v»as found 
to be the case and the biotin-inactivating capacity of commercial 
egg albumin was found to be nearly the same whether the biotin 
preparation was pure (Kogl) or a ver\^ crude concentrate. In the 
case of pure biotin 2.2 7 were inactivated b}" 1 gm. of egg albumin, 
while in a crude yeast extract 1.8 7 were inactivated by the same 
amount. 

The biotin test method was that developed in this laboratory 
and the effect of the ^^egg albumin” was observed simply by intro- 
ducing it into the sterile biotin solution p^e^’ious to the test, 
and then carrydng out the test without heat sterihzation. An 
aliquot of the same solution sterilized with heat (steaming) ser^’^ed 
as a positive control. 

The constituent of raw egg white responsible for thus rendering 
the biotin unavailable for y^east growth stimulation (without any 
toxic action) has been purified as follows: 8 liters of acetone were 
added to 2 liters of fresh egg white and the coagulum was washed 
^vith 1 liter of water. It was then thoroughly suspended and 
washed with 2 liters of 1 per cent salt solution and the filtrate 
retained. The filtrate was five-sixths saturated with ammonium 
sulfate and filtered, the precipitate being discarded. The active 

1 Eakln, R. E., McKinley, W. A., and Williams, R. J., Science, 92, 224 
(1940). 

5 Snell, E. E., Eakin, R. E., and Williams, R. J., /. Am. Chem. Soc., 62, 
175 (1940). 
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fraction was then salted-out by complete saturation with ammo- 
nium sulfate. After filtration the material was dissolved in a 
small volume of water and exhaustively dialyzed in a cellophane 
bag against tap water. 

1 part of biotin was inactivated by 125 parts of this preparation. 
It represented lOOO-fold concentration (and approximately 35 
per cent yield) of the inactivating substance, calculated on the 
basis of the amount in the fresh egg white. 

The union between the biotin and the unheated protein is such 
that biotin is not released by dialysis in the pH range 2 to 10.5. 
Steam sterilization completely releases the biotin. The ability 
of this substance to take up and release biotin specifically and 
quantitatively suggests its possible use as a tool in the purification 
of biotin. 

The action of this substance in rendering biotin unavailable to 
yeast makes it highly probable that it is the constituent in raw 
egg white which produces “egg white injury” in animals. Its 
further purification and physiological significance are being 
investigated. 

Department of Chemistry Robert E. Eakin 

University of Texas Esmond E. Snedd 

Austin Roger J. Widuams 


Received for publication, November 15, 1940 



BACTERICIDAL FRACTIONS FROM AN AEROBIC 
SPORtJLATING BACILLUS 


SiT$: 

The present communication is intended (o dc^*^cribo simplified 
procedures for purification of tlic fractions obtained from the 
bactericidal agent produced by an aerobic spondating bacillus.^* • 
A revision of the earlier conclusions regarding the chemical nature 
and biological activity of certain of the fractions is also presented. 

Gramicidin can be obtained directly by extracting the cnidc 
alcohobsolublc material repeatedly with a mixture of equal 
volumes of acetone and ether. The extracts arc evaporated and 
the portion of the residue which is soluble in acetone gives cr\*stal- 
line gramicidin when dissolved in warm acetone and cooled. 

That portion of the crude material (approximately So per cent) 
which remains insoluble in acctoncH^thcr is dissolved in about 4 
times its weight of boiling absolute alcohol and there is added 
alcoholic hydrogen chloride corresponding to 0.1 of a mole per 
liter. A precipitate forms as the solution cools. This precipitate, 
when rccrystallized several times from absolute methanol with the 
use of small amounts of hydrogen chloride, separates in clusters 
of microscopic needles, melting at 237-239° (uncorrected; Berl- 
Kullmann copper block) with decomposition and showing [a]^ — 
^102° (95 per cent alcohol solution; concentration 1 per cent). 
Analysis reveals C 59.4, H 6.8, N 13.5, Cl 2.7. This substance 
was described earlier under the name graminic acid before its low 
chlorine content was recognized; it will be referred to hereafter as 
tyrocidine hydrochloride. It is the salt of a weak base (pK' — 
about 8,5) and tends to crystallize without its full complement of 
hydrochloric acid. This tendency may be responsible for small 
variations observed in the analytical properties, and for the 
recover^’' of a fraction called in the earlier report ^‘gramidixdc acid” 
but now considered to be a mixture of tyrocidine and its salt. 

^ Bubos, B.. J.j and Cattaneo, C., J. Exp, Med., 70, 249 (1939). 

’ HotchHBs, B. B., and Bubos, B. J., J. Biol, Chem,, 132, 791 (1940). 
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Gramicidin will continue to be used as the name of the crystal- 
line neutral substance described before.* It is proposed here to 
apply the name iyroihricin to the bactericidal agent prepared as an 
alcohol-soluble, water-insoluble material and containing both 
gramicidin and tyrocidine. This name is derived from the word 
Tyroihrix, a generic name first used by Duclaux to designate 
sporulating aerobic bacterial species, several of which have since 
been found to exhibit antagonistic activity toward other micro- 
organisms.® 

It may be noted here that tyrothricin and tyrocidine hydro- 
chloride are now known to show under suitable conditions a 
marked degree of bactericidal activity in vitro against Gram- 
negative as well as Gram-positive microorganisms. Gramicidin, 
however, under the same conditions shows a high degree of specific- 
ity in attacking only the Gram-positive organisms. Furthermore, 
it can now be stated that tyrocidine hydrochloride in amounts of 
50 to 100 7 shows definite protective action in mice infected 
intraperitoneally with pneumococci. As stated previously, gram- 
icidin protects mice at a much lower level, viz. 1 to 5 7 , under the 
same conditions. 

Hospital of The Rockefeller Institute for Medical Rollin D. Hotchkiss 
Research Rbn6 J. Dubos 

New York 

Received for publication, November 18, 1940 


^ Much, H., Med, Klin,^ 20, 347 (1924). Rosenthal, L., Compl, rend. 
Soc, biol, 92, 78 (1925), 




THE ROLE OF CARBON DIOXTOE IN THE SYNTHESIS 
OF UREA IN RAT LIVER SLICES* 


Sits: 

The rate of synthesis of urea in mammalian liver slices increases 
rapidl}' ^^^th increasing concentrations of the bicarbonato-CO: 
buffer of the medium.* This specific ofiect has been explained on 
the assumption that the first stage in the sjmthesis of urea is the 
formation of o-carbaminoomithinc,- the carbon of the urea mole- 
cule being derived entirely, therefore, from the bicarbonate of 
the medium. We have tested this mechanism by studying the 
sjTithesis of urea by rat liver slices, in a medium containing 
radioactive bicarbonate. The pertinent data are listed in the 
table. 


100 ml. of Krebs saline-bicarbonate (containing Cn); 95 per cent Or- 
0 per cent COj; pH 7.4; 200 mg. per cent of ornithine; 20 mg. per cent of 
KH4CI; 200 mg. per cent of pyruvate; 45 minutes; 40®. 


Eipcriment No, 

Liver aliccs, wet 
weight 

Urea formed 

Activity per rag. carbon* 

Urea 

Added NaHCOi 



mff. 



1 


8.8 

0.09 

0.22 

2 


6.8 



3 


3.8 

0.02 



* divisions per second (Lauritsen electroscope) ; corrected for decay, so 
that the values are comparable. 


At the end of the experimental period the liver slices were 
removed and the solution acidified with 2 volumes of glacial acetic 
acid. 50 mg. of urea were added to act as a carrier and the urea 
precipitated by a solution of xanthydrol in methyl alcohol. The 

* This work was aided in part by a grant from the Dr. Wallace C. and 
Clara A. Abbott Memorial Fund of the University of Chicago. 

1 Krebs, H. A., and Henseleit, K., 2. physiol. Chem., 210, 33 (1932). 

• Krebs, H. A., in Kord, F. F., and Weidenhagen, R., Ergebnisse der 
Enzymforschung, Leipzig, 3, 247 (1934). 
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precipitate was centrifuged off, washed with dilute acetic acid, 
methyl alcohol, dried in vacuo, weighed, and its activity measured 
by a Lauritsen electroscope. The dixanthylurea melted at 266° 
and showed no depression of the melting point when mixed with 
a control sample. 

The, data show without question that the bicarbonate of the 
medium is utilized in the sjmthesis of urea. The fact that the 
isotopic concentration of the urea is less than half that of the 
bicarbonate of the medium can probably be entirely ascribed to 
dilution with metabolic CO 2 and to exchange with the CO 2 of the 
gaseous phase of the experimental vessel. 

Department of Biochemistry E. A. Evans, Jr. 

University of Chicago 
Chicago 

Department of Physics Louis Slotin 

University of Chicago 
Chicago 
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THE ISOLATION OF ETI0ALL0CH0LAN0L^H7-0N 
(ISOAHDROSTERONE) FROM NORMAL AND PATHO- 
LOGICAL HOMAN ORINES* 


Sirs: 

EtioalIocholanol-3(^)47-onc has been previously isolated from 
the urine of a woman with adrenal cortical patholog} an rom 
the urine ot adult male guinea pigs injected with tes os 
propionate.- We nnsh to report this steroid as a constiluen o e 
urine of normal women. It also occurs in the urines^ o^ pa len 
with cancer. Its presence in the urine of normal men is in ica e 

The hctonic material of ether extracts of acid-h> dro 3 zc unnes 
was separated into alcoholic and non-alcohohc frac ions ^ 3 
half esterification irith succinic anhydride. The digitomn- 
precipitable h 3 "drox 3 ' ketones were purified b3’’ the prepara ion 0 
cn'stalline semicarbazones and subsequent h 3 'dro\ 3 ’^sis. ^ 

From 146 liters of urine of normal women, there were obtainecl 
30 mg. of a digitonin-precipitable h 3 ^drox 3 ’’ ketone me ting a ' 

Two recr 3 ’“stallizations from ethanol and ^^h ^'acuum s a ion 
jielded 15 mg. of a cr 3 ’'stallme sublimate (Mo ^ ^ 

cent in ethanol). Recrystallization from methanol gave 11 mg. 
melting at 168-169'' *, a mbeed melting point with authentic iso- 
androsterone (m.p. 170-171°) was 169'-171 • 

10 mg., obtained from the mother Uquors, melted at , 

the benzoate melted at 213-215° and did not depress the melting 

point of isoandrosterone benzoate (m.p. 219-220 ). • ;s c 

Similarly, the urine of female patients with cancer yielded 5 
mg., melting at 161-163°. The benzoate, m.p. 210-211 , 
depression with isoandrosterone benzoate. 10 mg., m.p. , 
were obtained from the urine of male patients with cancer. The 


* Aided by grants (adnunistered by G. Pincus) from tbe Da^n Fo^da- 
tvQn for Medical Kesearch and G. D. Searle and Company. or ' rog 
ress Administration Project 65-l-14r2919. 

1 Butler, G. C., and Martian, G. F., J. Biol. Chm., 124, 2^1 

* Dorfman, R. I., and Fish, W. R„ J. Biol. Chem,, 135, M9 (1940). 
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benzoate, on three reerystallizations from ethanol, melted at 
215-217°; its mixed melting point with isoandrosterone benzoate 
was 218-219°. Analysis, CzaHs^Oa, calculated, C 79.14, H 8.69; 
found, C 78.80, H 8.55. 

The digitonin-precipitable h3'droxy ketonic fraction of normal 
male urine yielded a crystalline product, melting sharply at 
156.5-157.5° ([ajn® = +50°, 1.09 per cent in ethanol). Analysis, 
CigHzaOz, calculated, C 79.11, H 9.79; C19H30O2, calculated, 
C 78.57, H 10.41 ; found C 78.83, H 9.88. A mixture of dehydro- 
isoandrosterone and isoandrosterone is suspected. 

Androsterone and two of its isomers, etioallocholanol-3(/3)-17- 
one and etiocholanol-3(Q!)-17-one, are present in human urines. 
The remaining stereoisomer of androsterone, etiocholanol-3 (|8) -17- 
one, if at all present, would be found in the digitonin-precipitable 
hydroxy ketonic fraction. In any event, a current assumption® 
that dehydroisoandrosterone is the sole constituent of this fraction 
must be revised. 

Physiological Laboratories W. H. Pearuian 

Clark University 
Worcester 

Received for publication, November 8, 1940 


* Hoskins, W., and Webster, B., Proc. Soc. Exp. Biol, and Med., 43, 
604 (1940). 
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Enzyme (s): Asymmetric, synthesis, 
df“phenyl alanine resolution, 
Behrens, Doherty, and Berg- 
mann, 61 

Cytochrome c reduction, Haas, 
Horccker, and Hogness, 747 
Preparations, purified, transami- 
nation, Cohen, 665 

Sec also Anhydrasc, Catalase, 
Cocarbox^dasc, Dipeptidase, 
Pepsin, Peroxidase, Phospha- 
tase, Reductase, Transaminase 
Etioallocholanol-3 03)-17-one : Urine, 
isolation, Pcarlman, 807 

Exercise: ^lusclc glycogen resyn- 
thesis, effect. Flock and Boll- 
man, 469 

F 

Factor V: Tissue, Dann and Kohn, 

435 

Fat: Metabolism, blood plasma 
phosphatase, relation, Weil and 
Russell, 9 

Fatty acid(s): Ketogenic action, 
MacKay, Wick, and Barnum, 

503 


Flavin: -Adenine dinuclcotidc syn- 
thesis from riboflavin, blood 
cells, effect, Klein and Kohn, 

177 

Sec also Riboflavin 
Flavoprotcln: Catalysis, substituted 
phenols, effect, Krahl, Keltch, 
and Clowes, 503 

Fructose: ^^ctaboIism, Blatheritick, 
Bradshaw, Dicing, and Sawyer, 

615 

G 

Glucose: Antiketogenic actmty, 
irfc/;, MacKay, Came, and 
ay field, 237 

Metabolism, Blathcricick, Brad- 
shaw, Ewing, and Sawyer, 615 
Tolerance, diabetes, sodium chlo- 
ride effect, Orten and Devlin, 

461 

Glucuronidase: /5-, Fishman, 229 
— , tissues, glucuronidogenic sub- 
stances, effect, Fishman, 229 
Glucuronidogenic substancefs): 
Tissue y5-glucuronidase, effect, 
Fishman, 229 

Glutamic acid: Omi thine- conver- 
sion, biological, Roloff, Rainer, 
and Schoenheimer, 561 

Glutarlc acid: a-Keto-, s3’nthesis, 
carbon dioxide utilization. 
Era ns and Slolin, 301 

Glycine : Antiketogenic activity, 
Wick, MacKay, Came, and 
Mayfield, ’ 237 

Glycogen: Liver, deposition, water 
relation, Fenn and Haege, 87 
Muscle, resynthesis, exercise 
effect, Flock and Bollman, 469 
Oxidation, brain suspensions, ef- 
fect, Elliott and Libel, 797 
Gold: Biological fluids, determina- 
tion, micro-, Block and Bu- 
chanan, 379 
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H 

Heart: Alkalosis effect, Yanneij 

265 

See also Muscle 

Hemorrhage : Concentrates, sweet 
clover, preparation, Campbellf 
Roberts, Smith, and Link, 47 
Sweet clover, effect, Campbell, 
Roberts, Smith, and Link, 47 
Heparin: Blood coagulation, action, 
Ziff and Chargaff, 689 

Thromboplastic factor and, reac- 
tion, Chargaff, Ziff, and Cohen, 

257 

Hydroxycholesterol: 7(/3)-, blood 
serum, pregnancy, isolation, 
Wintersteiner and Ritzmann, 

697 

I 

Inorganic salt(s) :Phosphatides and, 
Christensen and Hastings, 387 
Isoandrosferone : Urine, isolation, 
Pearlman, 807 

Isotope (s): Radioactive, mineral 
metabolism indicator, Green- 
berg, Campbell, and Mnrayama, 

35 

K 

Ketogenesis : Anti-, glucose, glycine, 
and alanine, effect, Wick, Mac- 
Kay, Carne, and Mayfield, 237 
Ketogenic action: Fatty acids, Mac- 
Kay, Wick, and Barnum, 503 
Ketoglutaric acid: ot-, synthesis, 
carbon dioxide utilization, 
Evans and Slotin, 301 

Ketosteroid(s) : a-17-, neutral, 

urine, hydrolysis, extraction, 
and determination, spectro- 
chemical, Talbot, Bntler, Mac- 
Lachlan, and Jones, 365 

/5-17-, neutral, urine, hydrolysis, 
extraction, and determination, 
spectrochemical, Talbot, But- 
ler, Mac Lachlan, and Jones, 

365 


L 

Lactogenic hormone: Pituitary, Li, 
Lyons, and Evans, 709 

Tyrosine and tryptophane, Li, 
Lyons, and Evans, 709 

Lipid(s) : Blood serum, testosterone 
effect, Looney and Romanoff, 

479 

Tubercle bacillus, chemistry, 
Anderson, Peck, and Creighton, 

211 

Lesuk and Anderson, 603 

Liver: Alkalosis effect, Yannet, 

265 

Glycogen deposition, water rela- 
tion, Fenn and Haege, 87 

Urea synthesis, carbon dioxide 
r61e, Evans and Slotin, 805 
Lung: Protein, thromboplastic, 
blood coagulation, action, 
Cohen and Chargaff, 243 

M 

Magnesium; Determination, mano- 
metric, micro-, Hoagland, 553 
Manometer: Injection, Marsh and 
Carlson, 69 

Milk: Sulfhydryl groups, Green- 
siein, 795 

Mineral : Metabolism, radioactive 
isotopes in study, Greenberg, 
Campbell, and Mnrayama, 35 
Mosaic: Tobacco, virus protein, 
sulfur distribution, Ross, 119 
Mouse: Dietary essential, Woolley, 

113 

Muscle: Clj'^cogen, resynthesis, ex- 
ercise effect, Flock and Boll- 
7nan, 469 

Skeletal, alkalosis effect, Yannet, 

265 

Mussel: Sea, carotenoid pigments, 
metabolism, Scheer, 275 

Mycollc acid: Tubercle bacillus, 
Lesuk and Anderson, 603 

Mytilus californianus: Sec Mussel, 
sea 
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K 

Negro(cs): Blood, climate and eca- 
Eon effect, Dill, ^yihon, Hall, 
and Bobin^on, 440 

Klcotinicacld: Blood, factors affect* 
ing, 3fclnic/;, J?obinson, and 
Field, 157 

Derivatives, urine, determina- 
tion, Pcrlzxrdff, Levy, and 
Sareti, 720 

— , — , excretion, Mclnick, 7?o6in“ 
son, and Field, 145 

Synthesis, rat, Dann and Kahn, 

435 

Urine excretion, Melnich, Robin- 
son, and Field, 145 

, factors influencing, 3fc?njc/;, 

Robxrwon, and Field, 131 

Kltrogen: Chick embryo, Levy and 
Palmer, 415 

Determination, iodomctric, 
micro-, Levy and Palmer, 57 

O 

Ornithine: Glutamic acid, conver- 
sion, biological, Roloff, Rainer, 
and Schoenheimer, 561 

Proline, conversion, biological, 
Roloff, Rainer, and Schoen- 
heimer, 561 

Ovariectomy: Urine steroids, effect, 
Hirschmann, 483 

P 

Pepsin: Salmon, specifleity, Fruion 
and Bergmann, 559 

Peptidase: Di-, chick embr 3 " 0 , Levy 
and Palmer, 415 

— » , cephalic region, Palmer 

and Levy, 629 

— , extracts, Paimer and 

Levy, 407 

Pero^dase: Cytochrome c, Altschul, 
Abrams, and Hogness, 777 
Phenol(s) : Substituted, flavopro- 
tein catalysis, effect, Krahl, 
Kelith, and Clowes, 563 


Phenylalanine: d/-, resolution, asym- 
metric cnzjTnatic synthesis, 
Behrens, Doherty, and Berg- 
mann, 61 

Phosphatase: Acid, blood scrum, 
determination, Uutman and 
Guiman, 201 

Blood plasma, fat metabolism, 
relation, Weil and Russell, 9 
Yeast, determination, Rac and 
Easicoii, 443 

Phosphate: Determination, mano- 
mctric, micro-, Hoagland, 543 
Phosphatide (s) : Inorganic salts and, 
Chrisiensen and ffasiings, 3S7 
Polysaccharide, tubercle bacillus, 
Anderson, Peck, and Creighton, 

211 

Phosphorus: Organic, determina- 
tion, micro-, Horccker, Ma, and 
Haas, 775 

Pigment(s): Carotenoid, sea mus- 
sel, metabolism, Scheer, 275 
Pituitary: Lactogenic hormone, lA, 
Lyons, and Frans, 709 

, tjTOsine and tryptophane, 

Li, Lyons, and Evans, 709 
Polysaccharide : Phosphatide, tu- 
bercle bacillus, Anderson, Peck, 
and Creighton, 211 

Potassium: Biological materials, 
determination, colorimetric, 
micro-, Salil, 191 

Determination, silver cobaltini- 
trite method, Harris, 619 

Pregnancy: Blood serum 7(^)-hy- 
droxycbolesterol isolation, 
TTin/ersieiner and Riizmann, 

697 

Proline: Ornithine conversion, bio- 
logical, Roloff, Rainer, and 
Schoenheimer, 561 

Protelnfs): Flavo-, catalysis, sub- 
stituted phenols, effect, Krahl, 
Kelich, and Clowes, 563 

Lung, thromboplastic, blood co- 
agulation, action, Cohen and 
Chargaff, 243 
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Protein (s)--continued: 

Tobacco mosaic virus, sulfur dis- 
tribution, RosSj 119 

Prothrombin: Purification, SeegerSf 

103 

Purified, properties, Seegers, 103 
Pyridine compound(s): Urine nico- 
tinic acid excretion, influence, 
Melnickf Robinsorij and Fields 

131 

R 

Reductase: Cytochrome c, Haas, 
HoreckcTj and HognesSj 747 
Riboflavin: Determination, biologi- 
cal, WagneVf Axelrod^ Lipton, 
and Elvehjeniy 357 

Flavin-adenine dinucleotide syn- 
thesis from, blood cells, effect, 
Klein and Kohn^ 177 

S 

Salmon: Pepsin, specificity, Frnion 
and Bergmanny 559 

Salt(s): Inorganic, See Inorganic 
salts 

Season: Blood, effect, Dillj Wilson, 
Hall, and Robinson, 449 

Sodium: -Low diets, sodium me- 
tabolism, radioactive isotopes 
in study, Greenberg, Campbell, 
and Murayama, 35 

Metabolism, radioactive isotopes 
in study, Greenberg, Campbell, 
and Murayama, 35 

Sodium chloride : Glucose tolerance, 
diabetes, effect, Orien and 
Devlin, 461 

Steroid(s) : ar-17-Keto-, neutral, 
urine, hydrolysis, extraction, 
and determination, spectro- 
chemical, Talbot, Butler, Mac- 
Lachlan, and Jones, 365 

/9-17-Keto-, neutral, urine, hy- 
drolysis, extraction, and de- 
termination, spectrochemical, 
Talbot, Butler, MacLachlan, 
and Jones, 365 


StoTOldis)— continued: 

Ketonic, determination, polaro- 
graphic, Wolfe, Hershbcrg, and 
Fieser, 653 

Urine, ovariectomy effect, 
Hirschmann, 483 

Sulfate: Determination, mano- 
metric, micro-, Hoagland, 543 
Sulfhydryl group (s): Blood serumj 
Greensiein, 795 

albumin, Greenstein, 795 

Milk, Greensiein, 795 

Sulfur: Tobacco mosaic virus pro- 
tein, distribution, Ross, 119 

T 

Testosterone: Blood serum lipids, 
effect, Looney and Romanoff, 

479 

Thiamine: Cocarboxylasc, effect, 
Lipion and Elvehjem, 637 
Metabolic products, urine, de- 
termination, Schultz, Atkin, and 
Frey, 713 

Urine, determination, Schultz, 
Atkin, and Frey, 713 

Thiazole: Vitamin Bi, photochem- 
istry, Uber and Verbrugge, 81 
Thrombin: Pro-, purification, 

Seegers, 103 

— purified, properties, Seegers, 

103 

Purification, Seegers, 103 

Purified, properties, Seegers, 103 
Thromboplastic factor : Heparin and, 
reaction, Chargaff, Ziff, and 
Cohen, 257 

Thromboplastic protein : Lung, blood 
coagulation, action, Cohen and 
Chargaff, 243 

Tobacco: Mosaic virus protein, sul- 
fur distribution, Ross, 119 
Transaminase: Kinetics, Cohen, 

585 

Transamination, Cohen, 566 
Tryptophane: Pituitary lactogenic 
hormone, Li, Lyons, and Evans, 

709 
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Tobcrcle bacillus: Lipids, chemis- 
try, Anderson, Peel*, and 
Crerp^iton, 211 

Lesuh and Anderson, C03 

Mycolic acid, Lesuh and Ander- 
son, 603 

Tuberculin: Cell residues, phos- 
phatide polysaccharide, Ander- 
son, Pcch, and Creighton, 211 
Tyrosine: Pituitary' lactogenic hor- 
mone, Li, Lyons, and Prans, 

709 

U 

Urea: Formation, carbon source, 
i?:ttcnberpand iracZac/i, 799 
Symthesis, liver, carbon dioxide 
role, Frans end <Sfotin, S05 
Urine: Acetone bodies, determina- 
tion, salicyi aldehyde use, 
Behre, 25 

Isoandrosterone, isolation, Pearl- 
man, S07 

oc-17-Kctosteroids, neutral, hy'- 
drolysis, extraction, and de- 
termination, spectrochemical, 
Talbot, Butler, MacLacklan, 
and Jones, 365 

^17-Ketosteroids, neutral, hy'- 
drolysis, extraction, and de- 
termination, spectrochemical, 
Talbot, Butler, MacLachlan, 
and Jones, 365 

Nicotiruc acid derivatives, de- 
tenmnation, Perlzweig, Levy, 
andSarett, 729 

— — , excretion, Melnick, 

Robinson, and Field, 145 

excretion, Melnick, Robin- 
son, and Field, 145 

— — I factors influencing, 
Melnick, Robinson, and Field, 

131 

Steroids, ovariectomy eflect, 
Hirschmann, 4 g 3 


Urine— continued: 

Thiamine determination, Schultz, 
Atkin, and Frey, 713 

— metabolic products, determina- 
tion, Schultz, AOzin, and Frey, 

713 

V 

Virus: Tobacco mosaic protein, 
sulfur distribution, Ross, 119 

Vitamin (s) : Bi phosphorylation, 
adrenalectomy' effect, Fcrrcbee, 

719 

— , thi azole, photochemistry, 
Uber and Verbrugge, SI 

— . Sec also Thiamine 
Bi phosphorydation, adrenalect- 
omy' effect, Fcrrcbee, 719 

— . See also Riboflavin 
Be-borate complex, formation, 
Feud:, Bastedo, and Webb, 399 
Di, determination, spectrophoto- 
metric, Nield, Russell, and 
Zimmerli, 73 

Dj, determination, spectrophoto- 
metric, Nield, Russell, and 
Zimmerli, 73 

W 

Water: Liver gly’cogen deposition, 
relation, Fenn and Haege, S7 

X 

Xylose: 1-, metabolism, Larson, 
Blatherunck, Bradshaw, Ewing, 
and Sawyer, 1 

Y 

Yeast: Phosphatase determination, 
Rae and Eastcoll, 443 

Z 

Zinc; Carbonic anhydrase, relation. 
Hove, Eluehjem, and Hart, 425 



